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AB 'TRACT. 
This thesis investigates the application of the 
intramolecular Michael reaction to gibberellin synthesis. 
The results are presented in three chapters. 
In Chapter 1, the intramolecular Michael 
reaction of the dienone 17 is described. The stereo-
chemical outcome of this reaction was found to be highly 
dependent on the nature of the solvent and the counter 
cation. This route proved to be unsatisfactory for 
gibberellin synthesis because complete stereochemical 
control could not be obtained. 
In Chapter 2, the intramolecular Michael 
reaction of the dienones 60 and 75 is described. Although 
the intramolecular Michael reaction of 75 was unsuccess-
ful, that of the dienone 60 proceeded in a completely 
stereoselective manner. 
Chapter 3 of this thesis describes the application 
of this latter approach to the synthesis of a gibbane 
derivative in an efficient and stereoselective manner. 
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INTRODUCTION 
1 
The gibberellins, which form an important group of 
1 plant-growth hormones, were first isolated in 1938 from 
the fungus Gibberella fujikuroi. 2 While their role in plant 
3 physiology is still poorly understood, they have been used 
extensively in agriculture and horticulture. 4 At least 
fifty gibberellins, all possessing the ~-gibberellane 
skeleton 1, have now been isolated from various plant and 
fungal 5 sources. These can be classified further as c20 
or c19 gibberellins, the latter being biogenetically 
derived from the former by the loss of the C-20. atom. 6 
The most active of these plant-growth regulators, gibber-
ellin A3 (GA3 ) 2,
7 presents a formidable synthetic challenge 
which has been readily accepted by several groups. 8 
7 17 
Although many ingenious methods have been developed 
for the preparation of the individual structural features 
of the gibberellins, 8 the total synthesis of GA3 2 still 
remains elusive. This is presumably due to the lack of a 
sufficiently efficient and reliable overall strategy. 
2 
-
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-
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Mori et al 9 have reporte d a formal total synthesis of the 
closely related c19 gibberellin GA4i, but only through the 
repeated use of relay intermediates. Several successful 
synthetic routes to the c20 gibberellins have been devel-
d 10 - 12 h · f . 11 d. t bl h d ope , w ere in con · orma tiona y pre ic ·-u c per y ro-
phenanthrene derivatives have been employed for stereo-
chemical control prior to formation of the gibberellin 
skeleton. 
These approaches, however, have relied heavily on 
11 12 
relay compounds ' and only the very simplest c20 gib-
berellin, GA 15 !, has been prepared in a continuous 
h . 10 synt esis. While in principle the above approaches 
could be utilized in a synthesis of GA3 ~' by a selective 
13 14 
elimination of the C-20 atom ' of a c20 gibberellin 
intermediate, they are insufficiently flexible for incorp-
oration of the C-13 hydroxyl group and the A-ring func-
tionality of~-
The intention of this present investigation has been 
the development of a more efficient strategy to the C-19 
gibberellins, which is sufficiently flexible to be used in 
a stereocontrolled synthesis of~ itself. 
A consideration of the labile15 and highly function-
alized nature of the A-ring of GA3 2 is pertinent to any 
synthetic endeavour. The bicyclo[3.2.1] octane ring system 
of~' while prone to rearrangement under strongly acidic 
d . . 16 b . con itions, would e more readily handled. Therefore, 
strategies involving the construction of the labile A-ring 
moiety in the final stages of the synthesis of GA 3 ~ should 
be more fruitful. 17 In view of these considerations, two 
general synthetic strategies can be formulated. One based 
on the preparation of a tetracyclic intermediate incorpor-
ating an inert A-ring,which can be readily manipulated to 
the highly oxygenated A-ring of GA3 ~,would appear highly 
attractive. The anisole ring can be considered a partic-
ularly suitable A-ring synthon in view of its inherent 
stability and latent functionality. 18 
The tetracyclic compounds 2 and 6 prepared in the 
laboratories of Loewentha119 and Baker 20 respectively, 
* although lacking the C-13 hydroxyl function, would appear 
ideal models to test such a strategy. The feasibility of 
MeO 
COzf1 
5 
-
constructing the A-ring of GA3 ~' by a sequence involving 
reductive methylation of a 2-methoxybenzoic acid moiety, 
22 23 has been reported ' (Scheme 1). Equally encouraging is 
th t f t 1 2 4 · d · . - h h d e repor o House e a in icating tat sue a re uct-
ive alkylation sequence is subject to stereochemical control 
* The gibberellin numbering system21has been used for the se 
compounds to assist the reader in correlating these structures 
and the gibberellins. 
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at C-4 relative to the chira.lity a.t C-6 (Scheme 2). 'l'he 
compound 2 would appear suitable for a stereoselective 
total synthesis of G/\. 7 7 (Scheme J) in view of obtaining 
* stereochemical control at C-4 relative to C-8. The fact 
that Loewenthal has not reported on any elaborations of the 
compound 2, prepared in 1976, would suggest the methodologies 
developed above are not readily adaptable to the actual 
assault . 
An alternative strategy involving the addition of the 
A- ring to a preformed B,C,D nucleus, appears to be a more 
flexible and therefore a more attractive proposition. 
Corey et a1 25 (Scheme 4) and Dolby et a1 26 (Scheme 5) have 
-
developed methods for this type of approach. Although a 
variety of promising tricyclic B,C,D-ring synthons have 
27-30 . 31 32 been reported, the dienone ~' ' prepared by intra-
molecular alkylation of the protonated diazoketone ~ 
(Scheme 6) seems most attractive in terms of overall yields 
of preparation and versatility. 
Intramolecular alkylation of the protonated diazoketone 
8 accomplished, in one elegant step, the formation of the 
bicyclo [3 . 2 . 1] octane moiety and simultaneously a modifi-
cation of the anisole synthon. The functionality contained 
within the dienone moiety of 9 seemed - suitably disposed to 
allow the addition of the elements of the future A-ring 
(Scheme 7). Unlike the other tricyclic B,C,D-ring synthons, 
* The compound 6 would be expected to give a reductively 
methylated product with the undesired C-4, C-8 relative 
chirality. 
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31 the dienone 9 can be prepared with hydrogen (X=H) or 
hydroxyl (X=OH) 32 at C-7 without dramatically altering the 
method of preparation. Therefore, any strategy developed 
from the simple dienone 9 (X=H) as a model for GA3 ~ syn-
thesis should be readily adaptable to the synthesis of 2 
itself. 
The dienone 9 (X=H) has been shown to be susceptible 
to 1,4-conjugate addition by dialkyl copper lithium reagents, 
31 but little stereoselectivity at C-2 was observed (Scheme 8). 
It was envisaged that a potential A-ring could be added to 
the dienone 9 in a 1,4 intramolecular process, which should 
be subject to greater stereochemical control at C-5 (Scheme 9). 
From a view point of the total synthesis of the C-19 gibber-
ellins, in particular GA3 ~' this type of an approach looks 
particularly flexible and efficient. In principle, the 
dienone 9 (X=H or OH) can be readily prepared with a variety 
of carbon side chains at C-1. Conceptually an A-ring con-
taining the entire A-ring functionality of GA3 2, could be 
added intramolecularly affording a tetracyclic compound 
requiring minimal manipulations to reach the desired goal 
(Scheme 10). Essentially a kinetically controlled trans 
olefinic lactonization and a contraction of the B-ring with 
extrusion of the potential B-ring carooxylic acid function 
would be required to complete the synthesis (Scheme 10). 
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Model work 33 in our laboratories has shown the feas-
ibility of this type of an approach (Scheme 11). Although ~ 
~~e.s\s o~ the desired tetracyclic tri-ketone 11 was realized, a mixture 
was 
of diastereoisomers (ca 1:1) obtained. It was expected 
A 
that discrimination between the two faces of the dienone 
moiety would be observed during cyclization of a bulkier 
enolate of type 10. 
The viability of this route for gibberellin synthesis 
would depend on obtaining the correct relative chirality 
at C-4 and C-5 in the intramolecular Michael reaction 
(Scheme 10). The attainment of this chirality relative to 
C-8 and C-13 would not be mandatory in view of the reported 
oxygen assisted stereochemical inversion of the bicyclo 
[3.2 .1] octane ring system (Scheme 12) , 34 allowing for 
inversion of C-8 and C-13 relative to the remaining stereo-
centres. 
The B-keto-ester 12 appeared to be an attractive model 
to test the feasibility of obtaining stereochemical control 
in the proposed intramolecular Michael reaction. A synthesis 
of 12, based on a scheme compatible with incorporating the 
C-13 hydroxyl function, was therefore initiated. The utility 
of the B-keto-ester 12, as an intermediate for gibberellin 
synthesis, would depend on the stereochemical outcome at 
C-4, C-5 and C-8 in the tetracyclic triketone 13(Scheme 13). 
This route is discussed more fully in Chapter 1. 
The malonic ester 14, because at most only two diastereo-
isomers can be formed in the intramolecular Michael reaction 
(Scheme 13A), seemed to be an attractive alternative to the 
1 2 
S-keto ester 12. The stereochemical outcome of this 
intramolecular Michael reaction is described in Chapter 2. 
Chapter 3 of this thesis describes the application of this 
latter approach to the synthesis of a gibbane derivative in 
an efficient and stereosclective manner. 
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CHAPTER 1 
The intramolecular Michael 
reaction of the dienone 17. 
13 
In order to test the feasibility of obtaining stereo-
chemical control in the intramolecular Michael reaction 
proposed previously, the synthesis of the dienone 17 was 
initiated. By analogy with earlier work, the dienone 17 
______ _.. 
- -- _ _., 
Me 
15 
-
SCHEMEf4 
should be readily obtainable from the acid 16 31 (Scheme 14), 
for which the keto-acid 15 appeared to be a suitable pre-
cursor. 
33 Although 15 had previously been prepared, a 
more efficient overall synthetic sequence was required. 
The synthetic route leading to the keto-acid 15 is shown in 
Scheme 15. The synthesis begins witn the readily available 
acid 18 35 and involves, first elaboration of the side chain 
of 18 and then introduction of the C-6 carboxyl group. 
The methyl ketone 19 was prepared by treatment of the 
acid 18 with methy{'lithium (2.0 equivalents) according to 
- '-/ 
36 the procedure of House et al. The ethylenedioxy ketal 20 
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of methyl ketone 19 was reduced with sodium (10 equivalents) 
and ethanol (100 equivalents) in liquid ammonia and tetra-
o * hydrofuran at -65 . The encl - ether 21 was obtained in 
78% yield after recrystallization. The NMR spectrum of the 
bj 
crude product showed 21 was accompanied~ 10-20 % 0£ over-
reduced material (o 1.4-0.6), which by analogy with earlier 
investigations was probably the tetralin 22. 38 The enol-
ether 21 was selectively hydrolyzed (acetic acid,water,0°, 
1 hr) to give the unstable keto-ketal 23. 
** A number of carboxyl anion equivalents ('-CO H') 2 
could be considered for effecting the required homologation 
at the ketone function of keto-ketal 23. 39 The highly acidic 
nature of the hydrogens at C-5 in 23, however, precludes 
the use of the majority of these bulky and highly basic 
reagents, which would tend to enolize the keto-ketal 23. 40 
It appeared that the cyanide ion would serve admirably 
because, unlike the other carboxyl anion equivalents, it 
b dd d d 'l'b . d' . 41 can ea e un er equi i rium con itions. 
Treatment of the keto-ketal 23 with sodium cyanide 
42 
and hydrochloric acid in a two phase system afforded the 
crystalline cyanohydrin 24. Dehydration of 24 with phos-
h h . 43. . . . ( 1) porous oxyc loride in pyridine afforded a mixture 3: of 
* These conditions had been developed in our laboratories 
for the reduction of 1,7 dimethoxy .naphthalene. 37 
** For example, 
E) .39 (a) 
CBr3 
e [ Al 39 (b) e 39 (c) CH \_; CH(NC)S02Ar 
-2 
I 
I 
> 
17 
the isomeric unsaturated nitriles 25 (o 7.44, CH=C(CN) ) 
and 26 (6 6.42 CH=C(~N) )in 42% overall yield from the 
ethylenedioxy ketal 20. Basic hydrolysis (aqueous potassium 
hydroxide, methanol) of the above mixture proved to be 
exceedingly difficult and consequently 25 and 26 were con-
verted first to the saturated nitrile 27 by reduction with 
magnesium and methanol. 44 While simple basic hydrolysis of 
nitrile 27 was not fruitful, the amide 28, prepared by 
treatment of 27 with alkaline hydrogen peroxide, 45 was 
readily hydrolyzed to the ketal-acid 29. Brief exposure of 
29 to aqueous mineral acid in acetone produced the 
keto-acid 15 (67% from 27), identical in all respects (NMR, 
IR, MS, mp) to that previously prepared. 33 
The cyanohydrin 24 also seemed ideally suited for 
preparing the hydroxy analogue 30, of the keto-acid 15 
(Scheme 16). 
CN 
-- - - .. -~ 
Me OMe 
24 30 
-
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Direct aqueous acid hydrolysis of cyanohydrins has proven 
unsatisfactory for obtaining good yields of the correspond-
ing hydroxy-acids. 40 Aqueous basic hydrolysis, while not 
compatible with the 'free' cyanohydrin (retro hydrocyanation 
occurst 6has been efficiently effected on cyanohydrin ethers. 47 
> 
18 
In principle, these later methods could be applied to the 
cyanohydrin 24, 48 but a more efficient hydrolysis sequence 
has been reported by Dirch ct ai. 49 
Accordingly, the cyanohydrin 24 was treated with 
anhydrous hydrogen chloride in dry methanol for 12 hours, 
and water was then added to hydrolyze the resulting imino-
50 
esters 31, 32 (Scheme 17). A complex mixture of unrecog-
nizable products, however, was isolated, presumably 
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arising from destruction of the expected product 35 by 
intermolecular aldol condensation in the highly acidic 
medium. Treatment of the cyanohydrin 24 as above, followed 
by hydrolysis of the imino-esters 31 and 32 at pH 6, 
however, afforded a mixture (1:2:4) of the hydroxy-esters 
33, 34 and 35. The hydroxy-ester 33 was isolated in 79% 
1. 9 
yield from 24 after treatment of the above mixture with 
ethylene glycol under standard ketalization conditions 
e, 
(ethylene glycol, ~-toluensulphonic acid, benzene, reflux). 
I\ 
The hydroxy-acid 36, prepared by basic hydrolysis of 33, 
was converted to the ketone 30 by further hydrolysis with 
aqueous mineral acid and acetone (Scheme 17). 
The basic synthetic plan to prepare the required S-
keto-esters 16 and 39 was based on methoxycarbonylation51 
and subsequent mono-methylation 52 of the ketones 15 and 
30 respectively (Scheme 18). Methoxycarbonylation of the 
keto-acid 15 with dimethyl carbonate (10 equivalents) and 
sodium hydride (5-10 equivalents) in tetrahydrofuran con-
taining a catalytic amount ~f methano1 51 was exceedingly 
0 
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OMe 
C02Me 
1Q X=H 
.... 
.. 
SCHEME 18 
OMe 
CO2 Me ~ X=H 
38 X=OH 
X 
Me 
C02Me 
lg X=H 
39 X = OH 
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sluggish. After 72 hours at 60° the 0-keto-ester 37 
~ (o 3.40,s,COCH2cq_cH 3 ) was obtained, accompanied w~ 25-
u~ chaV'.9ed 
30% of ~ keto-acid 15. Extended reaction times 
A 
and recycling procedures, or the addition of potassium 
hydride 53 (2 equivalents) and/or hexu.methyll-)hosphoric trin-
mide to the reaction mixture had no effect on the final 
product ratio. Attempts to separate these compounds by 
selective crystallization or preparative thin layer chrom-
atography were unsuccessful. 
The S-keto-ester 37 (contaminated with keto-acid 15) 
was converted to the pyrrolidine enamine 40 54 (pyrrolidine 
- ~ 
4A molecular sieves, benzene, 25°) which was subsequently 
methylated with methyl iodide in tetrahydrofuran. 52 
Although the methylated S-keto ester 16 (o 3.52, ·lH, q, 
was readily formed, it could not be separated from the keto-
acid 15. 
Methoxycarbonylation of keto-hydroxyacid 30 with 
dimethyl carbonate and sodium hydride in tetrahydrofuran 
(with a catalytic amount of methanol) at 60° or dimethyl-
sulphoxide at 20° for 24 hours, gave rise to the elimination 
products 41 and 42 (Scheme 19). These compounds most prob-
ably arose from elimination of the mixed carbonate 43 
(Scheme 20). 
In principle, esterification of the carboxyl function 
of the keto-acid 15 prior to methoxycarbonylation might 
allow easier separation of methoxycarbonylated material 
30 
43 
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from unreacted starting material. Similarly, protection 
of the hydroxy-acid moiety of keto-hydroxyacid 30, would 
** be expected to be more successful. However, these vari-
ations were not pursued since the alternative strategy, 
based on the addition of a methyl propanoate enolate anion 
equivalent to the acid chloride 44 proved more fruitful 
(Scheme 21) . 
In principle the aldehyde 47, would provide a common 
intermediate to compounds with a variety of functionalized 
* Mander 37 has found transesterification of event-butyl 
esters under methoxycarbonylation conditions. In principle, 
a methyl ester could be employed and selectively hydrolyzed 
by base in the presence of the methyl S-keto ester which 
might be expected to be protected as its enolate anion. 
** Protection of 
dioxalanone would 
the hydroxy-acid function of 30 
less likely lead to elimination 
.. li 
as an 
products. 55 
22 
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side chains at C-5 , including the acid chloride 44. Vilsmeir 
f\ 
formylation (phosphorous oxychloride, dimethylformamidef 6of 
the known acid 46, 31 although exceedingly sluggish (75°, 
70 hrs), was completely r~gioselective and afforded only 
the required aldehyde 47. None of the isomeric aldehyde 
48 could be detected in the crude reaction product (NMR 
analysis). The position of the carbaldehyde function in 
4( was verified by its conversion to the keto-acid 15 
(Scheme 22). Base catalysed aldol condensation between the 
71 5 7 
aldehyde~ and acetone afforded the trans-unsaturated 
keto-acid 49, which after hydrogenation over 10% palladium 
on carbon produced the keto-acid 15 (90% yield) identical 
(NMR, IR, MS) to that previously synthesized. 
The preparation of the desired S-keto ester 16 is 
illustrated in Scheme 23. To allow the eventual differentia-
tion of the ester function in the ring, which will serve 
to introduce the bicyclo [3.2.1] octane ring system, from 
that in the side chain of 8-keto-ester 45, the carboxyl 
function of the aldehyde 47 was benzylated (benzyl bromide, 
potassium carbonate, dimethylformamide) 58 to produce the 
benzyl ester 50. It was expected that the acid 53 could be 
prepared directly from the aldehyde 50 under Knoevenagel 
d . · 59 b h' h d d - f 1 con itions, ut tis met o prove unsuccess u. React-
ion of the aldehyde 50 with the Qrignard reagent derived 
from t-butyl 2-bromoacetate 60 and subsequent dehydration of 
the resulting adduct 51 with methan.::,sulphony~hloride and 
pyridine 61 (50°) yielded the unsaturated trans t-butyl ester 
52 in 85% overall yield. The t-butyl group of 52 was 
OH 
47 93% .. 
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25 
selectively removed with trifluoroacetic acid at o0 62 to 
give the acid 53 which was converted to the required acid 
chloride 44 upon treatment with three equivalents of oxalyl 
chloride. 31 
The preparation of 0-kcto esters by acylation of the 
enolates derived from esters with two or three alpha pro-
tons is normally unsatisfactory because of protonation of 
the ester enolate from the highly acidic adduct? 3 * Although 
the enolate anion of methyl propanoate (CH 3CHC0 2CH 3 ) would 
be unsuitable for the elaboration of 44 to the S-keto-ester 
0 
45, a variety of methyl propanate enolate anion equivalents 
/\ 
65-69 ** could be suitable employed. In fact, treatment of 
the acid chloride 44 with the sodium enolate of methyl 
/"'\ 
3-oxo-2-methyl butanoate afforded the diketo-diester 54 
__, -
which underwent deacetylation to the S-keto-ester 45, on 
exposure to liquid ammonia. 61 Catalytic hydrogenation of 
the unsaturated side chain and concominant hydrogenolysis 
of the benzyl ester group of 45 afforded the required 
S-keto ester 16. t 
* Improved yields however, have been obtained by the prior 
addition of one equivalent of lithium N-isopropylcy~!ohex-
ylamide to deprotonate the product as it is formed . 
** For example, CH 3C(X)co 2cH 3 , X=SiMe 3 ,
65 ¢3P, 66 co 2Li, 67 
CH3Co, 68 co2tBu. 69 
t The more convergent synthetic sequence, illustrated below, 
was unsuccessful(Compare with references 70 and 71). 
e 02CH2¢ 
y II ~ 
X=CI orBr 
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In the final stages of this sequence the diazoketone 
55 (Scheme 24) was prepared from 16 by sequential treat-
m2nt with oxalyl chloride (3 equivalents) and diazornethanc 
(5 equivalents). 31 Addition of the diazoketone 55 to 
Me Me 
Me 
SCHEME 24 
trifluoroacetic acid in methylene chloride at -25°, followed 
by quenching 0ith water after 3 minutes,affdrded the dienone 
17 and the solvolysis product 56 (7:1 from NMR analysis). 
The dienone 17 was obtained, after chromatography, in 65% 
overall yield from the S-keto ester 16. Prolonged quench-
ing times led to decreasing yields of the dienone 17, 
27 
possibly resulting from a rearrangement of the intermediate 
* methyloxonium salt. 
Although the intramolecular Michael reaction has been 
f 11 1 · d · le . 73-75 . success u y exp oite in a stereose ctive manner, in 
" these reported examples the relative chirality of the pro-
ducts is predictable. The reaction geometry favours the 
formation of a W-fused ring (Scheme 25). Approach of the 
e 
Figure I 
Figure 2 
SCHEME -25 
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* In the parent system, Mander has found that the inter-
mediate m2thyloxonium salt 57 rearranges to 58 quite rapidly. 3 ,72 
0 
58 
-
28 
enolatc anion to the a-face of the cyclohexcnone ring 
(figure 1) is clearly more favourable, in terms of stereo-
electronic (better p-orbitnl overlap) and steric (nddltLon 
anti to the pro-angular vinyl group) factors, than approach 
to the S-face (figure 2). Attempts to predict the stereo-
chemical outcome of the intramolecular Michael reaction of 
the dienone l 7 were complicated by :·. the planar nauure of the 
dienone moiety (five sp 2 centres). 
The four possible transition states for the intra-
molecular Michael reaction of the dienone 17, as viewed 
along the axis of the developing carbon-carbon bond, are 
depicted in the Newman Projections A and B (Scheme 26). 
Clearly, conditions favouring cyclization of the S-keto 
ester enolate with the E,E enolate geometry (A) would 
afford the tetracyclic products Aa and AS, containing the 
C-4, C-5 relative chirality of the gibberellins. The trans-
ition state A might be expected to be stabilized relative to 
the transition state B, through a secondary orbital overlap 
between the enolate oxygen (o-) and the electropositive 
carbon of the dienone carbonyl (o+) . 75 It was therefore 
expected that conditions favouring such an electronic inter-
. 76 77 
action in the transition state (non-polar medium) ' 
would result in either triketones Aa or AS, depending on 
the different steric requirements for attack to the a and 
S face of the dienone moiety of 17. 
To test such an hypothesis, the dienone 17 was treated 
with a catalytic amount of benzyltrimethylarnmonium methoxide 
( .. ¢cH 2~ (CH 3 ) 3 OCH 3 ) in methylene chloride (2 hrs, 20°). 
29 
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An inseparable mixture of the four possible diastereoisomers 
were formed in a ratio of 4:4:1:1 (these will be referred to 
as diastereoisomers ~,X,~ and~ respectively). The 1H NMR* 
( W, cS 3 . 6 6 , 1 . 3 4 ; X, cS 3 . 5 2 , 1 . 3 4 ; Y, cS 3 . 7 0 , 1 . 12 ; and 1, cS 3 . 7 0 , 
13 1.25 ppm.) and C NMR spectra (sets of four singlets at 
about, cS217 (C-16); 208 (C-3 or C-7); 206 (C-7 or C-3); 
171 (co2cH 3 ); 135 (C-9); 125 (C-10) were consistent with a 
mixture of diastereoisomers. 
The unusually high field 1H NMR signals in diastereo-
isomers X (03.52, co 2cH 3 ) and Y (cSl.12,CH 3 ) indicated that 
these compounds had the C-4, C-5 relative chirality indi-
cated in figure 3 and figure 4 respectively. Molecular 
Figure 3 Figure 4 
models showed that in these particular configurations the 
triketone molecule can adopt a conformation in which these 
* all singlets 
31 
* C-4 groups are axially disposed to the shielding zone of 
** t the C-7 carbonyl group and the C-9, C-10 double bond. 
Closer inspection of Dreiding models suggested that the 
most favourable conformations of structures AS and BS were 
ones in which these C-4 groups adopt a position in this 
shielding region. Conformations of compounds Aa and Ba in 
which these C-4 groups are in the shielding region appeared 
unattractive in terms of severe non-bonded peri-interactions 
between protons at C-1 and C-11. Therefore diastereoisomers 
X and Y were tentatively assigned structures AS and BS 
respectively. 
In contrast, the introduction of a 7-keto group into 
· 1· 84 d 1· d' ·d82 d · · d tricyc ic an tetracyc ic iterpenoi erivatives an 
the steroids 85 causes deshielding of the axial C-4 groups 
and the angular C-10 methyl. However, as the B-ring con-
formation in these compounds changes from 'chair-like' to 
'boat-like', the deshielding effect on the angular C-10 
methyl by the 7-keto function decreases. When the B-ring 
is forced into nearly the classical boat conformation, the 
C-10 methyl is placed into a similar position to the C-4 
* By analogy such axial groups would be expected to occur at 
lower field to their equatorial counterparts because of 1,3 
diaxial steric deshielding.78,79 In the diastereoisomers W, 
X,Y, and z, however, ring A would be expected to adopt the-
twist-chair conformation to avoid peri-interactions between 
protons at C-1 and C-11 and steric deshielding would not be 
so important.78 
** Using either the Jackmann or ApSimon carbony180,82 and 
olefin8l,83 screening cone models. 
t That is, in a plane perpendicular to and above the plane 
of the C-7 carbonyl group and the C-9, C-10 double bond. 
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axial groups in figure 3 and figure 4 relative to the C-7 
86 ketone group, and shielding of this methyl is observed. 
Interestingly, the apparent preference of the diasteroisomer 
ASover BS (assuming AS and BS arise from a kinetically con-
trolled process), would be expected in terms of the favou-
able secondary orbital overlap in the transition state A 
* (Scheme 26). Structures Aa and Ba were therefore deduced 
for diastereoisomers Wand z respectively, in view of these 
electronic considerations. 
The stereochemical outcome of the intramolecular Michael 
reaction of the dienone 17 was further studied. The results 
of these investigations are listed in Table 1. Since the 
TABLE l 
Entry Cation t Solvent Product Ratios 
w X y z 
1 ¢CH 2~Me 3 CH 2c1 2 4 4 l l 
2 ¢CH 2i!JMe 3 CH30H 3 3 1 1 
3 + CH 30H 2 2 l l Na 
4 Li+ Et2o l 1 4 4 
5 l l 2 2 
-t counter anion OCH 3 
* While the apparent preferred formation of AS corresponds 
to that predicted by a chelated anion-cation intermediate 
I 7 7,87 such an intermediate might not be important in this 
case because of the large steric bulk of the ¢CH2NMe3 cation. 
eO 
( M =cation) 
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ratios of these cyclization products varied markedly with 
the Michael reaction conditions,the possibility of stereo-
chemical equilibration, via a reverse Michael reaction in 
the cyclization step appeared unlikely. Consequently, these 
results (Table 1, entries 1-4) represent products of kinetic 
control. 
Interestingly, conditions (entry 2 and 3) favouring the 
E,E enolate geometry in solution afforded mainly the two 
major diastereoisomers (Wand X) previously observed (entry 
88 
1). Conditions (entry 4) favouring the Z,~ enolate geometry 
in solution88 afforded mainly the two diastereoisomers (Y 
and~) previously observed as minor products (entry 1). 
However, although the stereochemical outcome appeared to 
reflect initial B-keto ester enolate geometry, the predict-
ion of the behaviour of such systems is subject to the 
Curtin-Hammett principle. * 89 
The§,§ and~'~ enolate isomers might be expected to 
interconvert rapidly compared with their relative rates of 
1 . . 91 b . eye ization. Clearly the o served product ratios must 
reflect the differences in free energy between the trans-
ition states A and B. Furthermore, stabilization of the 
transition state A by secondary orbital overlap, would not 
-
be expected to be important in polar protic solvents (entry 
* The Curtin-Hammett principle states, that, if the acti-
vation energy of a reaction is large compared with the bar-
rier to interconversion of two ground-state conformations, 
then the proportion of the products derived from these indi-
vidual conformations does not reflect their relative ground-
state populations and is dependent only on the activation 
energies of the process leading to these products.89 
(Compare with Danishefsky et a190) 
-2 ancl 3) because of II-bonding with the ~-kcLo ester Gnolal:c 
. *92 
anion. 
A 
Since a very limited variation of reaction conditions 
examined and structural assignments are provisional, 
any possible postulate which follow must be considered 
tentatively. However, it is evident that the properties 
of the solvent and cation employed dramatically influence 
the course of the reaction. The more highly dissociative 
. ( ± + 
cations ¢CH 2 NMe 3 and Na(HOMe)n) appear to favour a differ-
ent transition state (probably transition state A, Scheme 26) 
to the lithium cation, which favours ion pairing. 92 
a' 
4 
0 
Molecular models suggested no clear preference for 
attack to either the a or S face of the dienone moiety of 17. 
The angle made between the c-4a', C-10' bond and the c-4a', 
C-5' bond . in 17 is bisected by the plane of the dienone 
* In earlier studies Marshall et a1 93 proposed a transition 
state geometry in which a stabilizing electronic interaction 
between the enolate anion and the enone carbon existed to 
account for the observed stereoselectivity of a Robinson 
annelation reaction. This was later modified to explain 
the dependence of product stereochemistry on the nature of 
the solvent and the metal cation.94 The observed product 
ratios could best be explained in terms of the steric bulk 
of the enolate anion and its associated solvated cation. 
Consequently the non-bonded steric interactions, 
developed in the transition state for a or S attack, between 
the hydrogens at C-10' or C-5' respectively and the pro-C-4 
carbon substituent would be expected to be energetically 
similar. 'l'he per i-in teractions developed bG tween the pro-
tons at C-5 and C-9' during the transition state for a and 
S attack also appeared energetically similar. 
While transition, state B would involve incursion of a 
bulky methyl group into the Van der Waals radius of protons 
at C-10' (a-attack) or C-5' ( S-attack), the steric E~qui::t.;e-
ment for cyclization of the~'~ enolate would be highly 
dependent on its degree of salvation and the solvated and 
dissociative nature of its counter cation. The diminished 
preference for diastereoisomers Wand X on changing the 
solvent from methylene chloride (poor anion and cation 
solvating power) to methanol (which can solvate both anions 
(H-bonding) and cations), in entries 1 and 2 (Table 1) 
respectively, may reflect a smaller difference in steric 
* demand for cyclization of the E,E and~'~ enolates. By 
analogy with previous work, the intramolecular Michael 
reaction may be complicated by participation of either free 
ions and/or ion pairs (contact or solvent-separated) with 
-possibly different steric bulk and therefore different 
steric requirements. 92 The apparent lack of stereochemical 
* In entry 4 (Table 1) where a lithium cation is employed 
with a poorly coordinating solvent (ether) the steric bulk 
of the E,E enolate might be considerably less because of 
the highly covalent charcter of the Li+-enolate bond and 
consequently fewer tightly bound solvent molecules. There-
fore the role of cation and solvent in this Michael reaction 
may be more complex than proposed above. 
3G 
control at C-8 relative to C-4 and C-5 made further studies 
of the effects of cation and solvent on the stereochemical 
outcome unwarranted. 
In principle, acid catalyzed cyclization of the dienone 
17, where equilibration between the four possible diastereo-
isomers W, X, Y and Z via a reverse Michael reaction might 
be expected, could lead to a more synthetically useful ratio 
of products. To this end cyclization of the dienone 17 with 
trifluoroacetic acid (TFA) was attempted (Table 1, entry 5). 
NMR analysis indicated complete consumption of the dienone 
17 after 3.5 hours (20°) and formation of the diastereoisomers 
W, X, Y and Zin a ratio of 1:1:2:2: respectively. After 
prolonged treatment with trifluoroacetic acid (20 hrs.) the 
same diastereoisomer ratio was realized. Whether this mix-
ture represented a thermodynamic mixture of products was not 
ascertained. Attempted base catalyzed equilibration (sodium 
methoxide, methanol, 25°, 3 hrs.) of this mixture of diaster-
eoisomers afforded appreciable amounts of the retro-Claisen 
e 
MeO 
MeOOC 
SCHEME 27 
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product 59 (Scheme 27). 
Although it was apparent that the desired relative 
chirality of C-4 and C-5 could be achieved, the dlenone 17 
appeared unattractive as an intermediate for gibberellin 
synthesis, in terms of obtaining complete stereochemical 
control. The route involving a rnalonic ester A-ring pre-
cursor (Introduction), which at most can lead to two dia-
stereoisorners, was therefore pursued. 
b 
CHAPTER 2 
The intrarnolecular Michael 
reaction of dienone 60 and dienone 75. 
I 
I ' 
38 
Th intramolecular Michael reaction of the malonate-
dienone 60 was investigated as a model for the elaboration 
of the A-ring 0£ GA3 I, from a more highly funcl:.ionulizecJ 
precursor (14). During the course of this study, Wheeler et 
a1 73 reported a similar strategy for the stereoselective 
synthesis of abietic and podocarpic acid derivatives. 
Fg 
Me X OMe 
I 
OHC 
Me 
50 
-
SCHEME 28 
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The general approach to the synthesis of the mulonate-
dienone 60 which was undertaken is outlined in Scheme 28. 
The central issue of the projected synthesis involved the 
elaboration of the aldehyde 50 to a compound of type I with 
a terminally functionalized three carbon side chain, which 
would allow for eventual introduction of the malonate unit. 
It was expected that the aldehyde 50 could be converted to the 
allylic alcohol 61 95 and this would be ideally suited for con-
version to the desired derivative by either [3,3] sigmatropic 
96 
rearrangement (path a,Scheme 29) or an SN2'-like process 
HO 
Me 
61 
.. 
Nu~ 
SCHEME 29 
-97* (path b, Scheme 29). 
~o 
Young and co-workers, 98 however, have reported a simple 
"'ll'j lie. a \I~ l (c. 
method of converting ~alcohols to chlorides with 
complete allylic rearrangement. Accordingly, treatment of 
o..l l'j \tc 
the~ alcohol 61, prepared by the addition of vinyl 
magnesium bromide 95 (one equivalent) to the aldehyde 50 
** (Scheme 30), with thionyl chloride in methylene chloride 
afforded the trans primary allylic chloride 62. None of 
the isomeric secondary allylic chloride could be detected 
(NMR analysis). Alkylation of the sodium enolate of dimethyl 
malonate (4 equivalents) with the allylic chloride 62, in 
dimethylformamide, afforded the dimethyl malonate 63 in 80% 
overall yield from the aldehyde 50. The overall yield from 
this sequence (61 to 63) compared favourabl¥ with that from 
an analogous palladium induced malonate alkylation described 
* The concerted nature of the SN2' type process (path b, 
Scheme 29) has been the subject of considerable interest and 
recent workers have classified these reactions as ion-pair 
SN2' reactions, involving an intimate ion-pair mechanism.~ 9 , 
100,101 However, the required terminally functionalized 
product would be expected to be formed when the reaction is 
permitted to proceed to equilibrium.97 
** Ether has commonly been employed as solvent for this 
reaction,98,l0 2 the vinyl alcohol 61, however, was only 
poorly soluble with this solvent. ~n general non-polar 
solvents afford the best yields of allylically rearranged 
products, which are thought to arise from an SNi' (intimate 
ion-pair) mechanism. Polar solvents encourage th! 0~ormation of rearranged and unrearranged allylic chlorides. Pre-
sumably polar solvents promote (1) the formation of solvent 
separated ion pairs which are indiscriminately attacked by 
chloride ion and (2) ionization of the HCl formed in solu-
tion allowing SN2 attack on the intermediate chlorosul-
phite (CH 2=CH-CH(0S(O)Cl)R). 
p 
OHC 
Me 
50 
Me 
§Z(X=CI) 
63(X=CH(C02Me)2) 
60 
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§§.(X=CHN2) 
§.§(X=CH20TFA) 
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... 
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* by Trost ct al. The acid 64, prepared by catalytic hydro-
genation of the side chain with concomitant hydrogenolysis 
of the bcnzyl ester in 63, on sequential treatment with 
oxalyl chloride and etheral diazomethane afforded the diazo-
ketone 65. Treatment of the diazoketone 65 with trifluoro-
acetic acid in methylene chloride (-25°) produced the malon-
ate-dienone 60 and the solvolysis product 66 (8:1 from NMR 
analysis). The malonate-dienone 60 underwent the expected 
intramolecular Michael reaction when treated with sodium 
methoxide (1 equivalent) in methanol, affording the tetra-
cyclic diketo-diester 67 in 74% yield from the acid 64. The 
1 13 Hand C NMR spectra were consistent with structure 67 
and revealed that a single diastereoisomer had been formed. 
Table 2 shows the 13c NMR chemical shifts and assign-
ments for the diketo-diester 67. These assignments were 
* 
OAc 
\ 
C02Me 70 
68 X=O 
-
69 X= <,OH 
- "H 
and/or 
E (E=C02Me) 
I • • 
1 ] 
* 
'l'ADLE 2 
** Carbon 7 G8 118 G9 
1 30.13(t) 30.0(t) 
2 24.S(t)t 24.3(t) t 
3 34.4(t) 34.S(t) 
4 61.0(s) 61.0(s) 0.0 59.6 
5 44.7(d) 45.6(d) 
6 44.0(t) 44.3(t) 
7 208.2(s) 210.S(s) 
8 52.9(s) 54.7(s) +1.8 48.9 
9 132.6(s) 135.8(s) 
10 126.0(s) 122.S(s) 
11 23.S(t)t 23.9(t)t 
12 29.4(t) 26.6(t) -2.8 
13 47.l(d) 41.8(d) -5.3 
14 39.l(t) 39.7(t) +0.6 
15 47.S(t) 41.2(t) -6.3 
16 218.6(s) 73.6(d) 
18 171.7(s)tt 171.8(s)tt 
19 170.l(s)tt 169.8(s)tt 
* Chemical shifts in parts per million relative to TMS, 
all spectra were obtained in CDC1 3 solution. 
** 60=068-067 
t These assignments may be interchanged. 
tt These assignments may be interchanged. 
assisted by a comparison of the 13c NMR spectra of 67 with 
* the ketol 68. The D-ring carbons C-13, C-14 and C-15 of 
67 were readily characterized by their larger J 13c-H value 
(~140-146 Hz) relative to the other methylene and methine 
carbon resonances (~125-130 Hz) ; 106 the C-13 carbon was 
clearly recognized by its multiplicity (doublet). The ob-
served shift increments between 67 and 68 (Table 2) for 
these carbons readily distinguished C-14 (68 +0.6ppm) from 
C-15 (~8-6.3ppm) and further supported the assignment to C-13 
(68-5. 3 ppm). The remaining doublet at 044.; in the spectrum 
of 67 was then unambigiously assigned to C-5. While the 
down field carbonyl carbon resonance at 8 218 was expected :·.to 
be associated with the more highly strained C-16 carbonyl 
b · b 107 h d. . . b 16 d 7 earing car on, t e istinction etween C- an C-
could be readily discerned from a comparison of the observed 
shift increments for these carbons in compounds 67 and 68. 
The olefinic carbon resonances at 8_126 _. and 132.6 were 
assigned to C-10 and C-9 respectively on the basis of the 
extra S substituted for the latter carbon. 108 
Of the two quaternary carbon resonances in the spectrum 
of 67, the one at o 52.9 moved slightly downfield (68+1.8 
ppm) in the spectrum of 68, while the other at 8 61.0 re-
mained unchanged. These resonances were assigned to C-8 and 
* Prepared by treatment of the diketo-diester 67 with K-
selectride (1 equivalent) at - 0s0 for 3 hours according to the procedure of Brown et al. 1 5 The ketol 68 was formed 
exclusively and its structure was clearly indicated by the 
distinct shielding of the axial ester methoxyl (83.68,3H,S, 
C02CH3(equatorial); 3.46,3H,S,C02CH3(axial). ) in the lH NMR 
spectra and the characteristic cyclohexanone carbonyl stretch-
ing frequency in the IR spectrum (vmax 171Qcm-l). 
C-4 respectively since the former, being incoroporated 
within the D-ring, would be subject to pertubation by 
changes in bond angle strain and torsional strain when C-16 
2 3 
changes from an sp to an sp centre. The observed chemi-
cal shift increments for these carbons in the spectrum of 
* ketol 68 and the diol .§2. (Table 2) provided further colla-
brative evidence to support these assignments. 
Of the remaining methylene carbon resonances in the 
spectrum of 67, the one at o 29.4 moved upfield (6o-2.8ppm) 
in the spectrum of ketol 68 while the others remained ess-
entially unchanged. The resonance at o 29.4 was therefore 
assigned to C-12 because of the expected Y gauche shielding 
** interaction of C-12 by the C-16 endo hydroxyl group in 68. 
* For the preparation of the diol ~ see Chapter 3. 
** The upfield shift observed for the resonance of a car-
bon which is gauche to another carbon or heteroatom (figure 
I) at the Y position is well documented(Y gauche effect) . 1 09 
X 
C 
Fig.1re I Figure I[ 
The Y gauche effect was initially ascribed to the polariza-
tion of the 13c-H bonds of the sterically crowded groups 
such that the carbon nucleus is shielded. 11 0 However, appre-
ciable upfield Y shifts have been reported when second-row 
heteroatoms (X= N,O,F) are located antiperiplanar to a 
carbon nucleus (figure II) suggesting the mechanism(s) of 
this phenomenon is more complex than initially envisioned.lll-ll3 
A comparable effect has been noted in the gibbercllins and 
their derivatives (Chapter 3). On the basis of a compar-
13 ison of the C NMR spectrum of 67 with that of the dienonc 
70, the resonance at o 23.5 (or o 24.5) was assigned to C-
11. While C-11 in 70 comes at o 29.3, this carbon 
would be expected to come at higher field in 67 because of 
they gauche shielding interaction between C-11 and C-1. 
The remaining methylene resonances at o 24.5, 30.1, 34.4, 
44 0 . h 13 c f 6 7 . d C 2 . 1n t e NMR spectrum o , were ass1gne to - , 
C-1, C-3 and C-6 respectively on the basis of their expected 
relative chemical shifts. The resonance associated with 
C-1 would be expected to be downfield of that for C-11 
because of the two y gauche shielding interactions by the 
C-15 and C-16 carbons on the former. The resonance for C-1 
would be expected to be downfield of that for C-2, not only 
because of the extra B substituent (C-10,C-9 bond) for C-1, 
but also they gauche shielding effect of the quasi-axial 
C-4 ester in the later. Furthermore,C-2 would be expected 
to be shielded to a larger extent by the C-10, C-9 double 
* than C-1. A resonance at the lower field would be expected 
for C-3 relative to that of C-1 on the basis of the S rela-
tionship of the former carbon to the C-4 ester groups. The 
low field resonance at o 44 was assigned to C-6 because of 
* Compare with reference 114 
C-3 
cyclohexane 27.7 
cyclohexene 25.5 
C-4 
27.7 
23.1 
60 -2.2 -4.6 
(S-effe ct) (y-effect) 
C-5 
27.7 
23.1 
C-6 
27.7 
25.5 
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its proximity to the C-7 carbonyl group. Whil e the assign-
ments made to these methylene resonances are provisional, 
the 13 c NMR spectrum of 67 was clearly consistent with the 
proposed structure, although little stereochemical inform-
ation could be discerned. From the 1H NMR spectra of 67 
* it was apparent that one ester methoxyl (o 3.54,s,3H) lay 
in the shielding zone of the C-7 carbonyl group and one C-15 
** proton (o 3.24,d,J=20Hz) was deshielded by it. 
Of the two possible B,C,D-ring conformations (A and B) 
of 67, only in the conformation A, where ·H-lS(exo) lies in 
the plane of the C-7 carbonyl group, would deshielding be 
expected. . t82 115 The ApSimon carbonyl screening cone model ' 
* The other ester methoxyl comes at a more 'normal value' 
of o 3.70. 
** In diketone I this doublet comes at o 2.84. 109 
t 
-
... 
-
I 
80 
Jackman Model ApSimon Model 82 
Conformation A Conformation 8 
H 
67a 
Figure I 
E 0 
Figure II 67b 
--
---
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suggests this proton should be shielded by the C-7 carbonyl 
group and conformation B, where H-lS(endo) would be expected 
to be deshielded, would be more l ikely . IIowcver, many 
examples of the deshielding of protons in the plane of a 
b 1 h b . d 80 car ony group ave een cite. 
The most favourable conformations of the two possible 
diastereoisomers of 67, 67a and 67b are depicted in figures 
I and figures II respectively. Conformations of diastereo-
isomers 67a and 67b in which the B-ring adopts the altern-
ative half-chair conformation, as in Band A respectively, 
were clearly more energetic because of severe non-bonded 1, 
3 diaxial steric interactions between the axial proton at 
1 ~~ 
C-6 and the C-4 axial ester group. The H NMR data~ 
consistent only with diastereoisomer 67a since both shielding 
of the axial ester methoxyl (co 2cH 3ax) and deshielding of 
the H-15 exo proton by the C-7 carbonyl group would be 
expected . Strong collaborative evidence for the assignment 
of the axial configuration to the methyl ester (o 3.54) in 
67a was obtained when this compound was treated with aqueous 
potassium hydroxide in methanol at 25°. While this methyl 
ester was resistant to hydrolysis, the other (o 3.70) was 
116 
readily hydrolysed. 
Attempted stereochemical equilibration of the diketo-
diester 67a was either unsuccessful (sodium methoxide, meth-
anol, reflux, 12 hrs) or afforded no recognizable products 
(sodium methoxide, dimethyl formamide, 20°, 2 hrs). The 
same diastereoisomer 67a was realized on cyclization of the 
malonate-dienone 60 under different cation (¢ CH 2~(CH 3 ) 3 
......... 
5 0 
-OCH 3 , LiOCH 3 ) and solvent (CH 30H,CH 2c1 2 , THF) conditions. 
Molecular models indicated little steric preference for the 
apparent stereoselective addition,~ to the pro-D-ring . 
Interestingly, in the analogous S-keto ester 17 (Chapter 1) 
where delocalization of the curbunion is endocyclic to the 
incipient A-ring, little selectivity between syn or anti 
addition to the pro-D-ring was observed. By analogy with 
the malonate-dienone 60, in which the delocalization of the 
carbanion is ' exocyclic' to the incipient A-ring, the ester-
dienone 75 (Scheme 31) might show a similar selectivity. 
The diester 72, prepared from the dimethyl malonate 
63 by methylation (sodium hydride, methyl iodide, dimethyl-
formamide) and subsequent demethoxycarbonylation (sodium 
cyanide, DMSO, 100°) 117 was converted to the ester-dienone 
75 by standard procedures (Scheme 31). 
The ester-dienone 75, however, could not be induced to 
undergo the required intramolecular Michael reaction. The 
ester-dienone 75 was either recovered unchanged (¢ CH 2~Me 36Me, 
t 0 KO Bu, or NaH in THF, 20 , 24 hr.) or converted to a complex 
mixture of products (KOtBu or NaH in THF, 60°, 6 hr.; DBN/ 
CH 2c1 2 , 20°, 24 hr.). This apparent lack o f reactivity may 
* arise from preferential deprotonation at C-9' with little 
* An alternative procedure involving selective ester enolate 
formation from an a-trimethylsilyl ester11 8 might be more 
successful, assuming cyclization occurs at a faster rate 
than proton transfer from C-9'. This variation, however, 
was not attempted. 
e 
F 
---
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or no equilibration to the required ester enolate. No 
deuterium incorporation experiments were attempted, however, 
to test such an hypothesis. 
63 
C02Me 
95% (71) 
::::ta. 
46% (72) 
ox 
Me 
73 (X=OH) 
z.1 (X=CHN2) 
7.§ (X=CH20TFA) 
II fl ... 
67%.., 
TI(X.=C02Me) 
72(X=H) 
C02Me 
75 
-
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CHAPTER 3 
Elaboration of the diketo-diester 67 
to a gibbane derivative. 
i) Introduction of the lactone moiety 
ii) Attempted introduction of the C-18 methyl 
group. 
iii) Functionalization of C-6 and contraction of 
the B-ring. 
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In principle, the diketo-diester 67 should provide a 
s 
useful precursor to molecules posessing the basic gibbere-
/\ 
llin skeleton (Scheme 32). The attainment of the correct 
gibberellin stereochemistry in 77 would require a shift of 
12 f 1 C-16. 119,120 h h'f ld b C- rom C- 3 to Sue as it wou e 
34,121,122 
assisted by a C-13 hydroxyl group. The ketol 79, 
the C-13 hydroxylated analogue of 77, would be expected to 
afford, on equilibration with base, mainly the diastereois-
orneric ketol 80 with the energetically more favourable cis-
-
* hydrindane B,C-ring system(Scl1emc 33). Accordingly, model 
studies were initiated on the diketo-diester 67 to ascertain 
the viability of e laborating the related C-13 hydroxylated 
compound 78, which would be required in a synthesis of the 
natural gibberellins. 
Although the stereochemistry of the diketo-diester 67 
differed from the natural gibberellins, it was expected to 
ensure the development of the correct relative chirality 
at C-4, C-5, C-9 and C-10. Acid catalyzed olefinic lacton-
ization of the diacid 81, under conditions involving kinetic 
control (trans lactonization of the axial carboxyl group) 123 
or thermodynamic control would be expected to afford the 
diketo-lactone ~ (Scheme 34) with the energetically fav-
. . **124 
oured trans-transoid-trans configuration. Lactonization 
of the diacid 81, prepared by SN2 demethylation of the 
diketo-diester 67 (nPrLi, HMPA) , 129 with anhydrous acid 
* Molecular models indicated 80 should be favoured 
over 79 because the non-bonded steric interaction between 
H-15(endo) and the C-10 oxygen group of the lactone ring 
in 79 is relieved in 80. 
125 ~ 126 
** Barton and Subluskey et al have postulated, on 
energetic grounds, the trans-transoid-trans stereochemistry 
for the Y-lactone derived from dihydroisopimaric acid. 
ApSimon et a1127 have later derived the cis-transoid-trans 
configuration from 13c NMR analysis. The bas ic arguments 
are still valid . since this Y-lactone is apparently derived 
from a kinetically controlled process. - In two further 
pimaric acid lactone derivatives the trans-transoid-trans 
structures were favoured under conditions of equilibrium.128 
54 
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0 0 22 . (HCl or TFA at O or 25) in chloroform was not productive 
and 81 was returned unchanged. Because of the close prox-
imity of the axial carboxyl group to the C-7 carbonyl carbon, 
lactonization may be impeded by the formation of the hemiacetal 
* 83. Treatment of the diacid 81 with sulphuric acid in 
chloroform (0°, 30 min) afforded the retro-Michael product 
84 and it became apparent that a basic strategy involving 
the removal of the C-7 carbonyl function by either protection 
or a contraction of the B-ring prior to lactonization was 
required. The selective functionalization at C-6 in diketo-
130 diester 67, necessary for any ring contraction procedure, 
was unsucessful. Attempted formylation (methyl formate, 
sodium methoxide, benzene) at the C-6 position of 67 led to 
a complex mixture of products. The general approach to the 
synthesis of a gibberellin intermediate which was undertaken 
from the ketol-diester 67 is well illustrated in Scheme 35. 
To ensure lactonization, prior protection of the C-7 
carbonyl group of 67 would be necessary. To allow for 
eventual differentiation of the C-7 carbonyl group, (which 
will eventually serve to introduce functionality at C-6) 
from that at C-16, the C-16 carbonyl group would be best 
protected at this stage. The requirement for strong acid 
in the lactonization step limited the choice of these pro-
tecting groups to ones which were acid stable. It appeared 
that ester groups could serve admirably and furthermore 
should be inert to the Bartlett Johnson reagent (nPrSLi) 129 
* Id 1 . . 22 f 81 1 f 1 ( o o actonization o was a so unsuccess u see 
experimental). 
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which would be required to affect demcthylation of the C-4 
methyl ester groups, prior to the lactonization step. Intro-
duction of the C-18 methyl group before functionalization at 
C-6 should ensure that this latter process would not be com-
plicated by a competitive retro-Michael reaction. Finally, 
to enable selective functionalization at C-6 and eventual 
contraction of the B-ring, the C-7 carbonyl group must be 
readily liberated in the presence of the C-16 oxygen 
function. 
The ketol 90 seemed an ideal precursor to allow for 
the eventual introduction of a more labile ester protecting 
group at C-7(with respect to that at C-16)in compound 85 
(RfR'),which should ensure a more facile hydrolysis of the 
former ester group in(eventually}the lactone 87 (Scheme 35). 
An alternative and more direct strategy involving elaboration 
of the dial 91, however, was pursued. Hydride reduction of 
\ 
'C02Me 
90(X=O) 
~ (X=H,OH} 
the diketo-diester 67 was expected to afford the diol 91 
with a C-16 endo hydroxyl group which could be further 
elaborated to the lactone 87 (R=R') according to Scheme 35. 
58 
The C-7 ester protecting group in lactone 87 (R=R') might 
therefore be selectively hydrolyzed in the presence of its 
C-16 endo counterpart because of the more sterically crowded 
environment of the latter. 
59 
i) Introduction of the lactonc moiety 
96%(92) 
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Sodium borohydride reduction of diketo-diester 67 
proceeded in a completely stereoselective manner, affording 
the diol-diester 91 as a discrete diastereoisomer by 1H 
NMR and 13 c NMR analysis. The equatorial configuration of 
- 1 
the C-7 hydroxyl group was confirmed from H NMR spectra 
(o 3.46, 1H,d,d,Jax,ax=l2Hz,Jax,eq=4Hz). The C-4 axial 
ester methoxyl was shifted to lower field to a more 'normal 
value' of 3.60ppm, as would be expected on removal of the 
anisotropic effect of the C-7 carbonyl group. By Curtin-
Hammett considerations,participation of the energetically 
GO 
less favourable conformation B of the diketo-diester 67 in 
* the hydride reduction could not be excluded (Scheme 37). 
Molecular models indicated no clear preference for the add-
ition of hydride at C-7 to either conformation,but only for 
conformation A was there a clear preference for attack ·to one 
side of the C-7 carbonyl group. Attack of hydride from the a-
face of conformation A was clearly hindered by the quasi-
axial C-4 ester group. Consequently involvement of the 
conformation Bin the hydride reduction might be expected to 
yield an epimeric mixture of C-7 alcohols. The stereo-
chemical outcome at C-7 can be rationalized by considering 
hydride attack to occur from the less sterically demanding 
S-face of conformation A, to afford an axial hydroxyl group 
followed by inversion of the B-ring to acquire the more 
stable equatorial configuration of the C-7 hydroxyl group 
* In the case where the more stable conformation A has a 
larger free-energy of activation (6Gt) than the energeti-
cally less favourable conformation B (ie 6G~<6GA) then par-
ticipation of conformation B can be-competitive with (when 
y<x) or be completely dominant over the participation of 
conformation A (when y>x).89,90 
y 
1-- B x 
-- A---' 
TSA 
-------
6G-:/-
B 
6G-:/-
A 
---
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The extensive changes observed for the carbon resonances 
13 in the C NMR spectrum of 91 were consistent with an over-
all conformational change (see experimental). The relative 
chirality at C-7, however, is irrelevant to the overall 
stereospecificity since the centre involved will again be-
come trigonal. Stereoselective attack of hydride at C-16 
to afford an endo alcohol is well documented. 131 
-
The dibenzoate 92, prepared from the diol 91 (benzoyl-
chloride,pyridine) was smoothly d emethylated (4 equivalents 
* nPrSLi,HMPA) to the diacid 93, which was converted quanti-
* Demethylation (2.2 equivalents nPrSLi,HMPA) of the corresp-
onding diacetate of diol 91, was less successful. 
tatively to the lactone 94 
10 min., v max 1770 -1 cm ) . 
(sulphuric acid, chloroform, o0 , 
1 The H NMR (8 3.62,3H,s,C02CH 3 ) 
13 
and C NMR spectra (o 84.2,s,C-10;76.2,d,C-1G;73.l,d,C-7; 
51.0,d,C-5 or C-9;47.9,d,C-9 or C-5) of the corresponding 
methyl ester of lactone 94 were consistent witl1 the proposed 
structure and indicated that a single diastereoisomer had 
been formed. The stereochemistry assigned to 94 was expected 
to be favoured both kinetically and thermodynamically. 
63 
ii) Attempted introduction of the C-18 methyl group 
94 
\\ . n 
SCHEME 38 
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X 96 (X=OH) 
97 (X=OTs) 
9 9 (X=I) 
In preparation for introduction of the C-18 methyl 
group (Scheme 38) 94 was reduced (ethyl chloroformate, 
sodium borohydride) 132 to the C-18 alcohol 96 (13 c NMR:o 
-62.3,t,C-18) and then converted to the C- 18 tosylate 97 
under standard conditions. 133 Reduction of the tosylate 97, 
d . t th d f Ht h' t 1 134 . h d' accor ing o e proce ure o u c ins e a, wit so ium 
cyanoborohydride in hexamethy(}hosphoric triamide (HMPA) 
with added sodium iodide (80°, 12 hrs.) was unsuccessful 
and 97 was recovered unchanged. Extended reaction times 
Gil 
(30 hrs., 80°) led to extensive decomposition of the tosylate 
97 and none of the required C-18 methyl compound 98 or the 
iodide 99 could be detected (NMR analysis). Treatment of 
97 in HMPA with activated zinc powder and sodium iodide 
(100°, 8 hrs.) was also unfruitful. 135 An attempt to pre-
pare the iodide 99, prior to reduction, by treatment of 97 with 
excessive sodium iodide (5 equivalents) in DMF (80°,30hrs.) 
was not successful. Nucleophilic attack at C-18 is certainly 
retarded by the neopentyl-like nature of this centre. While 
* other reductive methods might have proven more successful, 
further experiments were postponed until the feasibility of 
elaborating the B-ring had been established. 
* For ex.ample,._ hydride reduction of the p-toluene-sulphonyl-
hydrazone 1001~6 might be more successful; since attack at 
C-18 on an sp 2 centre (trajectory angle (a)=l09°,fig I)l37 
should be less sterijally demanding than attack at this 
centre when it is sp (trajectory angle (a)=l80°, figure II). 
-
_ Figure I 
100 
Fig ure]I 
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iii) Functionalization of C-6 and contraction of the B-ring 
HO 
R 
96 
,x . 
102(X=H,0H) 
I 03 (X=O) 
13 
1co2Y ·'-oco¢ 
105a(X=H) 
I 05c (X=Me) 
RO 
RO 
I 01 
104 
, .. --oco¢ 
,J r 80 % (102) J .. 
100% (103) 
',oco¢ 
, __ .. oco¢ 
,J 1 51% j -
I 
I 
CO2 Y ·,-oco¢ 
105b(X=H) 
105d (X=Me) 
SCHEME 39 ( R=CH20Me) 
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Functionalization of the C-6 position is clearly manda-
tory for employing any of the established ring contraction 
130 procedures. The preparation of the desired C-7 ketone 
103 is illustrated in Scheme 39. The C-18 alcohol of the 
dibenzoate 96 was protected as the methoxymethyl ether 
( hl h l h l h d . . l h l . ) 13 8 c oromet y met y et er, iisopropy et y amine , 
then the C-7 hydroxyl function selectively liberated 
(potassium carbonate, water, methanol) and subsequently 
oxidized (Jones reagent) to the ketone 103 (v max 1710 cm- 1 ). 
The pinacol type ring contraction procedure has pro-
vided a popular method for the contraction of the B-ring 
of several kauranolide derivatives (Scheme 40) . 139 This 
mode of ring contraction has recently been used success-
11 fully by Fujita et al in their total synthesis of GA15 . 
I 
ROOC' CHO X 
SCHEME 40 
A general prerequisite for a smooth contraction of the B-
ring by this procedure is an antiperiplanar relation between 
the migratory bond and the leaving group, thus requiring 
an equatorial conformation of the C-7 hydroxyl substituent~ 40 
h . f h . f b . . . d 141 d Te contraction o t e B-ring o a ietic aci an ent-
67 
d . . 14 2 b f b 1 · . d kaurene erivatives y means o enzy ic aci rearr-
angement has been usefully employed £()(the synthesis of the 
* C-20 gibberellins. However, a consideration of the multi-
step procedures involved in the application of these ring 
contraction procedures to the ketone 103 and the uncertainty 
of obtaining stereochemical control at C-7 prior to ring 
contraction in the former procedure,led to the rejection 
of these approaches. A more efficient ring contraction 
procedure involving the photochemical Wolff rearrangement 
of a-diazoketones has been successfully used in our labor-
atories (Scheme 41). 144 The diazoketone 107 was prepared 
OR R 
.. .. 
106 
SCHEME 41 
by initial a-formylation of ketone 106 (methyl formate, 
sodium methoxide, benzene) and subsequent azide transfer 
(p-toluenesulphonylazide(TsN3 ) triethylamine) .
145 The 
ketone 103, however, was unreactive towards formylation. 
While diazoketones have been prepared by oxidation of 
. k 146 d . . ( . a- nitroso etones, attempte nitrosation potassium 
OR 
* Recently, Gonzalez et al have reported the application 
of the Favorskii rearrangement to the synthesis of the 
4-epi-gibberellin A12 from an ent-kaurene derivative.143 
68 
t-butoxide, t-butanol, isoamy~itrite) 147 of 103 was com-
pletely unsuccessful, leading to a complex mixture of prod-
ucts. Although diazoketones have been prepared from 1,3-
dicarbonyl compounds by phase-transfer catalysis148 these 
methods have been generally unsuccessful on unactivated 
ketones, probably because of competitive hydrolysis of the 
azide transfer reagents (TsN3 ). The highly hindered 2,4,6-
triisopropylbenzenesulphonyl azide, while less prone to 
hydrolysis, has been successfully used in our laboratories 
for the preparation of diazoketones from a-tetralones by 
phase transfer catalysis (40% aqueous potassium hydroxide, 
·tetrabutyl""ammonium bromide, -18-crown-6, benzene) . 149 Under 
-.....,1' 
these conditions (10°, 30 min.) the diazoketone 104 (v max 
-1 2090, 1775, 1715, 1620 cm ) was isolated, after chroma-
tography, in 66% yield from the ketone 103. Photolysis of 
diazoketone 104 in aqueous tetrahydrofuran afforded a mix-
ture of the C-6 epimeric acids 105a and 105b (51% yield). 
~- a~ --;~ 
Esterification of this mixture with excess ethereal diazo-A A 
methane and subsequent chromatographic separation afforded 
the epimeric C-6 esters 105c (o 2.92,1H,d,J=7Hz; 2.62,lH,d, 
J=7Hz) and 105d (o 3.18,lH,J=lHz; 2.40,lH,J=llHz) in a ratio 
of 4:1 respectively. The esters 105c and 105d can only be 
epimeric at C-6 since the stereochemical integrity of the 
other chiral centres would be expected to be preserved duri~g 
ring contraction. The stereochemistry assigned 105c and 
105d was substantiated by a comparison of their 1H and 13 c 
NMR spectra with that of the gibberellin derivatives 109, 
110,112 and 113, prepared from the known ketones 108150 
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and 111151 according to standard procedures (Scheme 42). In 
the 1H NMR spectra H-5 and H-6 gave rise to doublets with a 
coupling constant of llHz for the B,C-cis-fused compounds 
108,109 and 110, 152 while a coupling constant of 7Hz was 
observed for the B,C-trans-fused compounds 111 and 113152 
Table 1) . 
TABLE 1 
1H NMR data (measured 
Compound 
105c 
105d 
108 
109 
110 
111 
113 
H-5* 
2.92(7Hz) 
3.18(11Hz) 
3.18(11Hz) 
3.20(11Hz) 
3.20(11Hz) 
3.20(7Hz) 
3.38(7Hz) 
in CDC1 3 , p.p.m. from TMS) 
H-6* 
2.62(7Hz) 
2.40(11Hz) 
2.70(11Hz) 
2.53(11Hz)+ 
2.72(11Hz) 
2.62(7Hz) 
2.62(7Hz) 
* 
+ 
One proton, doublet 
d · d 5 ·d· spectrum measure in -pyri ine 
The Newman Projections, as viewed along the axis of 
the C-6, C-5 bond, for compounds 110 and 113 are depicted 
in figure I. Clearly, the larger magnitude of the coupling 
1 
constant between H-5 and H-6 in the H NMR spectrum of 110 
(J 5 , 6=11Hz)compared with 
larger dihedral angle in 
that of 113(J516 =Hz) is due to 
0 the former compound(¢ 516 ~1so) 
the 
relative to that in the latter .(¢ 516~120°). While the magni-
1 tude of this coupling constant in the H NMR spectrum of 
105c was in accord with its proposed structure(J516=7Hz), 
that of the C-6 epimer of 105c was identical to that found 
-
H6 
Figure I 
( 11Q) 
(----LQ) 
71 
MeOOC 
Figure IT 
in the B,C-cis-fused compounds. An inspection of molecular 
models however, indicated that the magnitude of the coupling 
constant between H-5 and H-6 in 105d should be of the order 
of llHz or greater(¢ 516~0°,figure , II)The chemical shifts 
assigned to H-5 and H-6 in 105c and 105d were based on that 
of 113 with an allowance for the deshielding effect (ca+0.7 
152 ppm) of the 3S-benzoate group on H-5 in 113 (1,3 diaxial 
interaction) and the expected,but less pronounced,deshielding 
effect of the more freely rotating C-18 oxy-substituent on 
H-5 in 105c and· 105d. 
By analogy with the natural gibberellins and from an 
inspection of molecular models, the C-ring of compounds 
108 and 110, with the B,C-cis-fused configuration would be 
d d b f . 155 expecte to a opt a oat con ormation. Because of the 
resulting steric shielding, the 13 c NMR chemical shifts for 
these C-ring carbons are at a higher field than those for 
72 
TABLE 2 
13
c NMR data (measured in coc1 3 ,p.p.m. from TMS) 
Compound C-11 C-12 C-13 C-14 C-15 
* 108 16.8 25.0 44.8 34.6 50.5 
--
lllt 19.9 36.0 49.8 47.8 50.7 
110 15.3 19.5 35.6 36.1 43.8 
113 19.6 33.8 44.9 48.3 44.4 
* Reference 153 
t Reference 154 (CD3CN) 
the corresponding carbons in the B,C-trans-fused compounds 
111 and 113 respectively, where a C-ring chair conformation 
would be expected (Table 2). - The C-11 and C-14 carbons in 
108 and 110 are mutually sterically shielded because of the 
prow interaction illustrated in figure 4. The shielding at 
12 
11 
16 
cpCO 
Figure 3 
II 
cpCOO 
12 
H 
~ 
F igure4 
C-12 in 110 and 113 relative to 108 and 111 respectively 
is clearly the result of the close proximity of the C-16-
endo-benzoyloxy group to C-12 (figure 3 and 4~respectively). 
This effect is more pronounced in the B c-cis-fused compounds 
' --
since the C-16-endo-benzoyloxy group and C-12 are virtually 
-
13c 
Compound 
115 
116 
1'18 
114 
105c 
7 3 
TABLE 3 
NMR data (measured in CDC1 3 , p.p.m. from 
C-11 C-12 
25.8 26.4 
26.1 33.4 
-.3 -7.0 
19.6 24.8 
20.0 25.8 
cpco 
11 
R 
I I 
I 115 16" 
1Co2Me '-OH 
L!Q(R=H) 
11.§(R=Me) 
C-13 C-14 C-15 
39.7 41.6 35.1 
43.1 48.8 35.7 
-3.4 -7.2 -0.6 
41.5 41.4 43.8 
39.2 41.0 42.6 
12 
6 14 13 I I 
- ,15 16l_ 
7co2Me '-oco<p 
114 
TABLE 4 
TMS) 
...... 
.. 
OH 
13
c NMR data (measured in CDC1 3 , p.p.m. from 1 MSO 
Compound 
117 
115 
C-11 
26.0 
25.8 
C-12 
26.0 
26.4 
C-13 
39.7 
39.7 
C-14 
40.3 
41.6 
C-15 
43.5 
35.1 
-
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eclipsed (figure 4). 
13 The expected C NMR chemical shifts for the hypothe-
tical compound 114 may be calculated from the chemical shift 
values of 113 and the chemical shift increments between 115 
and 116144 (Table 3). The relative chirality at C-8, C-9 
and C-13 in 105c was apparent from the close correlation 
between the calculated and observed chemical shifts. From 
13 
a comparison of the C NMR spectra of 117 and 118 (Table 4), 
C-15 in 105d, the C-6 epimer of 105c would be expected to 
be shielded (£2. 8.4ppm) by the C-6 methoxycarbonyl group 
(y gauche effect). Therefore,the relative chirality of 
105c at C-6, C-8, C-9 and C-13 is defined by its 13 c NMR 
spectrum. Of the four possible lactones incorporating this 
stereochemistry, only 105c is reasonably free of the tors-
ional strain or severe non-bonded interactions. Although 
insufficient sample of the minor isomer 105d was available 
for 13c NMR analysis, the relative chirality proposed for 
105d is consequently defined since the stereochemical integ-
rity of the other chiral centres would be expected to be 
preserved during ring contraction. 
The ~brevity and stereoselctivity of the route developed 
for the synthesis of the 8, 13-epi-gibberellin derivative 
105a would appear to offer many advantages over alternative 
solutions. Furthermore, this approach should be readily 
adaptable to a stereoselective synthesis of the natural c19 
gibberellins from analogues of the diketo-diester 67 possess-
ing the pro-13-hydroxyl function. 
74a 
Note Added in Proof: 
Corey and his co-workers have just reported the first total 
synthesis of gibberellin A3 I.
168 
EXPERIMENTAL 
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General Topics 
(i) Melting points were determined on a Reichert hot-
stage apparatus and are uncorrected. 
(ii) Infrared spectra were recorded on a Jasco IRA-1 
spectrophotometer in chloroform solution (1.0mm 
(iii) 
(iv) 
cells) unless otherwise stated. 
1H NMR spectra were recorded on a Jeol Minimar 100 
specrometer operating at 100 MHz. The spectra were 
measured in deuterochloroform, unless otherwise 
stated, relative to tetramethylsilane (o O.OOp.p.m.). 
Each signal is described in terms of chemical shift 
in p.p.m. from tetramethylsilane, multiplicity, 
intensity, coupling constant (Hz) and assignment in 
that order with the use of the following abbreviat-
ions : s, singlet; d, doublet; t, triplet; q, quartet; 
m, multiplet and W~, width of peak at half height. 
13 C NMR spectra were recorded on a Jeol F.X.60 
spectrometer operating at 15.04 MHz. The spectra 
were measured in deuterochloroform solution, unless 
~ 
otherwise stated, relative to trQmethylsilane 
A 
1 (o 0.00 p.p.m.). In most cases a H- decoupled and 
gated-1 spectra were recorded. ) 
(v) Mass spectra were recorded on an AEI MS902 high-
resolution mass spectrometer. 
(vi) Microanalyses were performed by the Australian 
National University Analytical Services Unit, 
Canberra. 
(vii) 
(viii) 
7G 
Chromatographic absorbents used were Florisil and 
Merck Kieselgel 60 silica gel. Preparative thick 
layer chromatography (preparative T.L.C.) was 
carried out on plates (20x20cm; 1.3mm thick) 
coated with Merck Kicselgel PF254. 
Tetrahydrofuran and ether were distilled from the ketyl 
formed from sodium and benzophenone and hexamethyl-
phosphoric triamide (HMPA) was distilled from sod-
ium.156 Dimethlformamide was passed through a 
column of alumina and stored over 4~ molecular 
sieves. All other solvents were dried by standard 
157 procedures. 
(ix) Reactions were run under an atmosphere of nitrogen. 
When anhydrous reaction conditions were required, 
glassware was dried in an oven (5-12 hours), 
assembled hot and then dried further with a flame 
under a positive pressure of nitrogen. 
(x) Ethereal diazomethane was prepared from N-nitroso -
158 N-methylurea and dried over potassium hydroxide 
pellets (3 hours) before use. 
(xi) The term 'evaporation of the solvent' refers to 
removal of the solvent on a Buchi rotoevaporator 
(water aspirator pressure), followed by the removal 
of the last traces of solvent with a high vacuum 
pump (ca 0.1mm). 
/Gu 
Notes on Nomenclature 
Compounds cited in the Experimental section have been 
named, where approprW-e, as derivatives of the following; 
8 
2 
8,9 -Dihydro-4a,7-methano-4aH-
benzocycloheptene-2,6(5H, 7H)-
dienone (Reference 165) 
3 
12 
6 
7 
8 9 
2,3,4,4a,4b,5,6,7,8,8a,9,10-
dodecahydro-1H-2,10a-ethano-
phenanthrene-8,4b-carbolactone 
(Compare with IUPAC Rule 
C 472 . 3) 
3 
12 
6 
7 II 
8 9 
2,3,4,5,6,7,8,8a,9,10-
decahydro-l~-2,10a-
ethanophenanthrene 
(Reference 166) 
5 
HO 
(la,2S,4aa,4bS,lOS)2,4a-
Dihydroxy-l-methyl-8-
methylene-gibbane-1,10-
dicarboxylic acid l,4a-
lactone (Reference 167) 
'7 7 
CHAPTER 1 
4-(4' ,6'-Dimethoxy-1'-naphthyl) buta n-2-one 19 
3•(, / /JO I l To a solution of the 0,6- imethoxy-1-naphthalen~prop-
A A 
anoic acid 18 (29.9g, 0.115 mol), in dry ether (950 ml) at 
/"\ 
-78° was added dropwise a mixture of methyl lithium in 
~ 
hexane (0.23 mol, 1.5 M) and ether 50 ml) under an atmos-
phere of nitrogen. Stirring at -78° was continued for 1 
hour and the reaction mixture was then allowed to warm to 
room temperature. Stirring at room temperature was cont-
inued for 2 hours. Aliquots of the reaction mixture (10 ml) 
were then added dropwise to a rapidly stirred mixture of ice 
(500g) and aqueous 10% hydrochloric acid (500 ml). Sodium 
chloride was added to saturate the aqueous phase and the 
layers were separated. The aqueous phase was extracted 
with methylene chloride (2x500 ml). The combined extracts 
were washed with aqueous 10% sodium bicarbonate solution 
(2x500 ml), water (2x500 ml), brine (500 ml) and dried 
(MgS0 4 ). Evaporation of the solvent afforded 28.Sg (96%) 
of the required methyl ketone 19 as a cream solid, mp 90-
930. Recrystallization from acetone afforded an analytical 
0 sample, mp 93.5-94 . 
requires C, 74.40; H, 7.02). v (nujol) 1720 (ketone), 
max 
1630, 1610, 1595 cm-l (Ar, C=C). 8 (d 6DMS0) 7.68(d, lH, 
J=8Hz, ArH, H2'); 7.42(d, lH, J=2Hz, Ar-H, HS'); 7.04(d, d, 
1 H , J = 8 H z , Ar H , H 7 ' ) ; 6 . 9 2 ( d , 1 H , J = 8 H z , Ar H , H 8 ' ) ; 6 . 6 O 
(d, lH, J=8Hz, ArH, H7'); 3.84(s, 3H, ArOCH 3 ); 3.08(t, 2H, 
ArCH 2 ); 2.72(t, 2H, CH 2CO); 2.04(s, 3H, COCH 3 ). MS 258 
(54%, M+), 201(100%, M-CH 3COCH 2 ). 
2- ( 2' - ( 4 11 -6 11 -Dimethoxy-l 11-naphthyl) ) ethyl-2-methyl-l, 3-
dioxolane 20 
A mixture of the methyl ketone 19 (28.Sg, 0.11 mmol), l>~-
dichloroethane (600 ml), e~lene glycol (75 ml) and p-
tolucnel'"'sulphonic acid (200 mg) was refluxed un.der nitrogen 
...._,, 
until the azeotropic removal of water ceased (ca 12 hours). 
The reaction mixture was cooled to room temperature and 
poured into aqueous 10% sodium bicarbonate solution (300 ml) 
and the layers were separated. The organic phase was washed 
with water (2x300 ml), brine (200 ml) and dried (Na 2so4 ). 
Evaporation of the solvent afforded a cream solid (32g). 
The crude product was chromatographed on florisil (500g), 
elution with methylene chloride afforded 24.0g (70% from the 
acid 2) of the ethylene ketal 20 as a white crystalline solid. 
Reccrystalization from ether afforded an analytical sample, 
0 0 
mp 107 -108 (Found C, 71.77; H, 7.32. c18H22 o4 requires C, 
u -1 7 1 . 5 0 ; H , 7 . 5 0 % ) . v (nu j o 1 ) 1 6 2 0 , 161 0 , 15 9 0 cm ( Ar , 
max 
C=C). cS (CDC1 3 ) 7.80(d, lH, J=BHz, ArH, H2"); 7.48(d, lH, 
J=2Hz, ArH, HS"); 7.08(d, d, lH, J=2Hz, ArH, H3"); 6.92 
(d, lH, J=8Hz, ArH, H8"); 6.60(d, lH, J=8Hz, ArH, H7"); 
3.88(s, 4H, OCH 2 CH 20); 3.82(s, 6H, 2(Ar0CH 3 ) ); 3.00(m, 2H, 
ArCH 2 ); l.96(m, 2H, ArCH 2 CH 2 ) ;l.32(s, 3H, CH 3C(C2H4o2 ) ) . 
MS 302(56%, M+), 87(100%, CH 3C(C 2H4o2 )~). 
--
79 
2- (2 ' - (4", 6"-Dimethoxy-5", 8"-dihydro-1"-naphthyl) ) ethyl-
2-methyl-l, 3-dioxolane 21. 
To a mechanically stirred solution of the ethylene 
ketal 20 (13.3g, 43.75 rnmol) in a mixture of tetrahydrofuran 
(280 ml), ethanol (142 ml, 2.42 mol) and liquid ammonia 
(1 litre) under an atmosphere of nitrogen was added sodium 
3·~ 
(10.37g, 0.44~) in small pieces (ca 0.25g). The blue 
colour was allowed to dissipate prior to the next additional 
piece of sodium. The ammonia was evaporated with a stream 
of nitrogen, water (200 ml) was then added and the product 
was extracted with methylene chloride (3x200 ml). The 
combined extracts were washed with water to neutrality, 
brine (200 ml) and dried (Na2so 4 ). Evaporation of the sol-
vent gave 13.lg (98%) of the crude enol ether 21. Recryst-
allization from ether afforded 10.4g (78%) of 21 as a white 
crystalline solid. An analytical sample was obtained by 
further recrystallization from ether, mp 84-85°. (Found 
C, 71.14; H, 7.97. c 18H24 o4 requires C, 71.03; H, 7.95 %). 
-1 
V (CHC1 3 ) 1690 cm (C=C, enol ether). o (CDC1 3 ) 6.94 max 
(d, lH, J=8Hz, ArH, H2"); 6. 60 (d, lH, J=8Hz, ArH, H3"); 
4.74(br.s, lH, W~=8Hz, CH=C-OCH 3 ); 3.96(s, 4H , OCH 2CH 20); 
3.74(s, 3H, ArOCH 3 ); 3.58(s, 3H, CH 30C=CO; 3.40(m, 4H, CS' 
.and C8');__ , 2.58(m, 2H, ArCH 2 ); l.82(m, -2H, ArCh 2 cH 2 ); 
1. 3 8 ( s, 3H, CH 3 C ( c 2 H 4 0 2 ) ) . MS 3 0 4 ( 14 % , M+) , 2 0 2 ( 10 0 % ) • 
8 0 
2-(2'-(6"-0xo-4"-methoxy-5",6",7",8"-tetrahydro-l"-naphthyl) ) 
ethyl-2-methyl-1,3-dioxolane 23 
A solution of the enol ether 21 (10.4g,34.3 mmol) in 
acetone (100 ml), acetic acid (200 ml) and water (20 ml) 
was stirred under nitrogen at o0 . The reaction was moni-
tored by NMR and was complete in 1 hour. Water (500 ml) 
was then added and the product was extracted with methylene 
chloride (2x500 ml). The combined extracts were washed with 
water (2x500 ml), aqueous 10% sodium bicarbonate solution 
(2x500 ml), water (2x500 ml), brine (500 ml) and dried 
(Na 2so4 ). Evaporation of the solvent afforded 9.9g (100%) 
of the required beta-tetralone 23 as a white solid, mp 63-
650. The beta-tetralone was ·too sensitive to obtain a 
correct elemental analysis and was immediately converted 
to the cyan~hydrin 24. v (CHCl) 1720 cm-l (ketone) . 
._, ~ max 3 
8 (CDC1 3 ) 6. 94 (d, lH, J=8Hz, ArH, H2"); 6. 60 (d, lH, J=8Hz, 
ArH, H3"); 3.90(s, 4H, OCH 2 CH 20); 3.73(s, 3H, ArOCH 3 ); 
3.48(s, 2H, ArCH 2 CO); 3.00(t, 2H, ArCH 2 CH 2CO); 2.60(m, 2H, 
ArCH 2 ) 2.48(t, 2H, ArCH 2CH 2CO); l.82(m, 2H, ArCH 2CH 2 ); 
1. 5 8 ( s, 3 H, CH JC ( C 2 H 4 0 2 ) ) . MS 2 9 0 ( 18 % , M +) , 8 7 ( 10 0 % , 
+ CH 3 C ( C 2 H 4 0 2 ) ~ ) . 
2-(2'-(6"-Cyano-6"-hydroxy-4"-methoxy-5"-6",7",8"-tetrahydro-
l"-naphthyl) )ethyl-2-methyl-1,3-dioxolane 24 
The beta-tetralone 23 (9.Sg, 32.7 mmol) in tetrahydro-
furan (400 ml) and water (200 ml) was stirred vigorously 
while nitrogen was bubbled through the solution for 30 
minutes. Sodium cyanide (7.66g, 5 equivalents) was then 
added and the solution was treated with concentrated hydro-
chloric acid (4.1 ml) dropwise over 1 hour (NMR analysis 
showed the reaction to be complete after this time). The 
layers were separated and the aqueous phase was extracted 
with methylene chloride (2x250 ml). The combined organic 
extracts were washed with water to neutrality, brine (200 ml) 
and dried (Na 2so 4 ). Evaporation of the solvent afforded 
the required cyanohydrin 24 as a white solid (10.4g, 100%). 
Recrystallization from ether afforded an analytical sample, 
0 
mp 132-134 . 
requires C, 68.12; H, 7.30; N, 4.41%). v 3350 (s) (OH), 
max 
2 2 4 0 cm - l ( CN) . o ( CDC 1 3 ) 6 . 9 6 ( d , 1 H , J = 8 H z , Ar H , H 2 " ) ; 
6.64(d, lH, J=8Hz, ArH, H3"); 3.38(s, 4H, OCH 2CH 20); 3.72 
(s, 3H, ArOCH 3 ); 3.30(ABq, 2H, ArCHAHBC(OH)CN): 2. 88(m, 
2H, ArCH 2CH 2C(OH)CN); 2.60(m, 2H, ArCH 2 ); 2.18(m, 2H, CH 2c 
(OH)CN); l.80(m, 2H, ArCH 2CH 2 ); 
MS 2 9 0 ( 2 7 % , M-H CN) , 8 7 ( 10 0 % , 
l.32(s; 3H, CH 3C(C 2H4o2 ). 
+ CH 3C(C 2H4o2 ) ) . 
02 
2-(2' (6"-Cyano-4"-methoxy-7", 8 11 -dihydro-l"-naphthyl) ) ethyl-
2-methyl-l, 3-dioxolane 25 and 2-(2'-6"-Cyano-4"-methoxy-
5",8"-dihydro-l"-naphthyl)ethyl-2-methyl-1,3-dioxolane 26 
To a stirred solution of the crude cyanohydrin 24 
(10.4g,32.7 mmol) and dry pyridine (36.8 ml) in dry methylene 
chloride (100 ml) at o0 , under nitrogen was added slowly 
dropwise phosphorous oxychloride (6 ml,65.5 mol). The 
reaction mixture was then allowed to warm to room tempera-
ture and stirring was continued for 16 hours. Ice (100g) 
was then added and the solution was carefully neutralized 
with aqueous 20% hydrochloric acid. The layers were sep-
erated and the aqueous phase was extracted with methylene 
· chloride (2xl00 ml). The combined extracts were washed 
with water (2x200 ml), brine and dried (Na 2so 4 ). Evapora-
tion of the solvent afforded 9.5g of a viscous orange oil. 
The crude product was chromatographed on florisil (400g); 
elution with methylene chloride afforded the required 
unsaturated nitriles 25 and 26 (3:1 by NMR analysis) as a 
white crystalline solid (4.62g, 42% from 20). An analytical 
sample was obtained by recrystallization from ether, mp 
90-91°. (Found C, 72.44; H, 7.02; N, 4.51. cl8H2103N 
requires C, 72.22; H, 7.07; N, 4.68%). v (CHC1 3 ) max 
2180 cm-l (unsaturated nitrile). 8 (CCl~) 7.44(s, W~=4Hz, 
ArCH=C(CN) ); 6.96(d, lH, J=8Hz, ArH, H2"); 6.60(m, ArCH 2CH= 
C(CN) ) ; 6. 52 (d, lH, J=8Hz, ArH H3 11 ); 3. 90 (s, 4H, OCH 2CH 20); 
3. 76 (s, 3H, ArOCH 3 ); 2. 60 (m, 6H): 1. 72 (m, 2H, CH 2C(C 2H4o7}); 
1 . 2 8 ( s , 3 H, C ( C 2 H 4 0 7 ) CH 3 ) . MS 2 9 9 ( 18 % , M +) , 8 7 ( 10 0 % , 
+ CH 3 C ( C 2 H 4 0 2 ) ) . 
83 
2-(2'-(6"-Cyano-4"-methoxy-5",6",7", 8"-tetrahydro-1'"-
naphthyl) )ethyl-2-methyl-1,3-dioxolane 27 
To a mechanically stirred solution of the unsaturated 
nitriles 25 and 26 (4.0g,13.3 mmol) in dry methanol (235 ml) 
at o0 , under nitrogen was added magnesium turnings (13g, 
0.53 mol). Stirring at o0 was continued for 2 hours fol-
lowed by stirring at room temperature for 3 hours. Water 
(100 ml) and methylene chloride (100 ml) were then added and 
the stirred two phase system was neutralized at o0 by the 
dropwise addition of aqueous 10% hydrochloric acid. The 
remaining inorganic salts were filtered off and washed with 
.methylene chloride. The layers were separated and the 
aqueous phase was extracted with methylene chloride (100 ml). 
The combined methylene chloride solutions were washed with 
water (2xl50 ml), brine (150 ml) and dried (Na 2so 4 ). Evap-
oration of the solvent afforded the required nitrile 27 
(4.0g, 100%) as a pale yellow solid (homogeneous by TLC,Rf 0.4, 
(CH 2cl 2 ) ) . Recrystallization from ether afforde d a white 
crystalline solid, mp 121-122°. ( Found C , 7 1 . 9 8 ; H , 7 . 6 9 ; 
N, 4.60. c 18H23o3N requires C, 71.73; H, 7.69; N, 4.65% ). 
-1 
V (CHC1 3 ) 2240 cm (CN). o (CDC1 3 ) 6. 88 (d, lH, J=8Hz, max 
ArH, H2 11 ); 6.52(d, lH, J=8Hz, ArH, H3"): 3.90(s, 4H, OCH 2 CH 20); 
3.72(s, 3H, ArOCH 3 ); 2.82(m, 4H, 2(ArCH 2 ) ); 2.52(m, 2H, 
ArCH 2 ); 2 .04(m, 2H, ArCH 2CH 2C(CN) ); l.80(m, 2H, ArCH 2CH 2 ); 
1 . 3 2 ( s , 3 H , CH 3 C ( C 2 H 4 0 2 ) ) . MS 3 0 1 ( 1 7 % , M + ) , 8 7 ( 1 0 0 % , 
CH 3C(C 2H4o2 )+). 
u t1 
2-(2'-(6"-Carbamoyl-4"-methoxy 5",6",7",8"-tetrahydro-1"-
naphthyl) )ethyl-2-methyl-1,3-dioxolane ~8 
~ mixture of the nitrile 27 (4.0g, 13.3 mmol) ,aqueous 
sodium hydroxide (2.5 M, 1.6 ml) and hydrogen peroxide (30% 
aqueous solution, l.G ml) in methanol (2~ ml) was stirred at 
room temperature for 4.5 hours under an atmosphere of nitro-
gen. A saturated aqueous solution of ammonium chloride (40 
ml) was then added and the mixture was extracted with methy-
lene chloride (2x80 ml). The combined extracts were washed 
with water (80 ml), brine (80 ml) and dried (Na 2so4 ). 
Evaporation of the solvent afforded the required amide 28 
0 (4.0g, 94%) as a pale yellow solid, mp 105-107 . \l 
max 
-1 3490, 3390, 1670, 1590 cm (CONH 2 ). o ( CD Cl 3 ) 6. 9 0 ( s, 
1 H , J = 8 H z , Ar H , H 3 " ) ; 6 . 5 6 ( s , 1 H , J = 8 H z , Ar H , C 3 " ) ; 6 . 2 0 
(br.s., lH, CONHH); 5.86 (br.s, lH, CONHH: 3.94 (s, 4H, 
OCH 2cH20); 3.72 (s, 3H, ArOCH 3 ); 3.38-2.64 (m, 7H); 1.88 
(m, 4H, 2xArCH2cH 2 ); 1. 36 (s, 3H, CH 3C (C 2H70 2 ) ) . MS 304 
+ (10% M-NH 2 ), 276 (14%, M-CONH 2 ), 87 (100%, CH 3C(C2H4o2 ) ) . 
2-(2'-6"-Carboxy-4"-methoxy-5",6",7",8"-tetrahydro-l"-
naphthyl) ) ethyl-2-methyl-l,3 dioxolane 29 
A solution of the crude amide 28 (40g, 12.5 mrnol), 
50% potassium hydroxide (140 ml) and m~thanol (140 ml) was 
refluxed for 20 hours under an atmosphere of nitrogen. The 
methanol was then evaporated and the aqueous solution was 
washed with ether (2xl00 ml). The aqueous solution was 
cooled to o0 and ethyl acetate (100 ml) was added. The two 
phase system was rapidly stirred and acidified dropwise 
8 5 
with concentrated hydrochloric acid to pH 3-4. The layers 
were separated and the aqueous phase was extracted with 
ethyl acetate (2xl00 ml). The combined extracts were washed 
with water (2xl50 ml), brine (150 ml) and dried (Na 2so4 ). 
Evaporation of the solvent afforded the crude acid 29 as 
an orange oil. The crude product was filtered through 
silica gel (80g) with methylene chloride and ethyl acetate 
(9:1) which afforded the required acid 29 (2.8g, 67%) as a 
pale yellow solid. Recrystallization from methylene chlor-
ide/petroleum ether (40-60°) afforded a white crystalline 
solid mp 124-125°. A satisfactory elemental analysis could 
not be obtained. (Found: c, 67.06; H, 8.10. c18H24 o5 
requires C, 67. 48; H, 7. 55%). v (CHC1 3 ) 3400-3000, max 
-1 2 7 0 0- 2 3 0 0 , 170 0 cm (CO 2 H) . o (CDC1 3 ) 10.0 (br s, lH, 
C02H); 6.90(d, lH, J=8Hz, ArHH2"); 6.56(d, lH, J=8Hz, ArH, 
H3"): 3.92(s, 4H, OCH 2 CH 20); 3.72(s, 3H, ArOCH 3 ); 3.08(m, 
2H, ArCH 2CH(C0 2H) ) ; 2.70(m, 4H, 2xArCH 2 ); 2.18(m, lH, 
CHC0 2H); l.90(m, 2H, 
MS 320 (62%,M+), 87 
ArCH 2 CH 2 ); l.34(s, 3H, 
+ ( 1 0 0 % , CH 3 ( C 2 H 4 0 2 ) ) . 
8-Methoxy-5·(3'-oxo-butyl)-1,2,3,4-tetrahydro-2-naphthoic 
acid 15 
The ketal 29 (2.Bg,8.75 mmol) in acetone (150 ml) was 
treated dropwise with 10% aqueous hydrochloric acid (30 ml) 
and the solution was then heated at 60° for 30 minutes. 
The mixture was then cooled to room temperature and the 
acetone was evaporated. The product was extracted into 
OG 
ethyl acet~te (3x30 ml) and the combined extracts were 
washed with water (SO ml), brine (SO ml) and dried (Na2so4 ). 
Evaporation of the solvent afforded the keto-acid 15 (2.4 g, 
100%) as a white solid (mp 146-1~7°), pure by TLC (5% meth-
anol/methylene chloride, Rf 0.4) and NMR analysis, identical 
in all respects to that previously prepared. v (CHC1 3 ) max 
3400-3000, 2700-2400, 1710 (C02H), 1710 (ketone). cS (CDC1 3 ) 
10.8 (br.s, lH, C02H); 6. 84 (d, lH, J=8Hz, ArH, H6); 6.58 (d, 
lH, J=8Hz, ArH, H7); 3.78(s, 3H, ArOCH 3 ); 3.2-2.4(m, 9H,); 
2.4-1.6(m, 2H, ArCH 2CH 2 ); 2.12(s, 3H, COCH 3 ). MS 276(55%, 
+ M), 258(67%, M-H 20); 219(100%, M-CH 3COCH 2 ). 
2-(2'-(6"-Methoxycarbonyl-6"-hydroxy-4"-methoxy-5",6",7" , 
8"-tetrahydro-1"-naphthyl) )ethyl-2-methyl-1,3-dioxolane 33 
Dry hydrogen chloride gas was bubbled through a solution 
of the cyanohydrin 24 (3g, 9.46 mmol) in dry methanol 
(170 ml) at o0 until the solution was saturated (ca 1.5 hr.). 
1k ~
After stirring at room temperature for 12 hours, nitrogen 
A 
was bubbled through the mixture for 1 hour and the solution 
was evaporated to dryness. Residual hydrochloric acid was 
removed under high vacuum. A solution of the imino ester in 
dry methanol (150 ml) was added dropwise to a stirred mix-
-ture of pH 6 buffer solution (300 ml) and tetrahydrofuran 
( 3 0 0 ml) . (The pH was kept at pH 6 by the addition of 
aqueous 10% sodium bicarbonate solution). Stirring at pH 6 
was continued at room temperature for 24 hours under an 
atmosphere of nitrogen. The methanol and tetrahydrofuran 
were evaporated and the solution was extracted with ethyl 
87 
acetate (3x300 ml). The combined extracts were washed with 
water (500 ml), brine (500 ml) and dried (Na 2so4 ). Evapor-
ation of the solvent afforded a mixture of the ethylene 
ketal 33 (o 3.90,s, OCH 2CH 20), the dimethoxy ketal 34 (o 
3.14,s, C(OCH 3 )2), and the methyl ketone 35 (o 2.08,s, 
COCH 3 ) as a brown oil (3.2g 33:34:35, ca 1:2:4). A mixture 
of the crude product, benzene (100 ml), ethylene glycol 
(6 ml) and p-tolueneJulphonic acid (2 mg) was refluxed under 
an atmosphere of nitrogen and water was removed azeo-
tropically over a period of 3 hours. The mixture was then 
cooled and poured into aqueous 1% sodium bicarbonate solu-
tion (100 ml), ether (100 ml) was added and the layers were 
separated. The organic phase was washed with brine (2xl00 ml) 
and dried (Na 2so4 ). The solvent was evaporated and the 
crude product was chromatographed on florisil (100 g). 
Elution with 5% ethyl acetate/methylene chloride afforded 
the hydroxy ester 33 (2.6g, 79%) as a white solid. Recryst-
allization from methylene chloride/pentane afforded an 
analytical sample, mp 92-93°. (Found: C, 65.25; H, 7.53. 
c19H26 o 6 requires C, 65.13; H, 7.48%). vmax (CHC1 3 ) 3600-
3100 (OH), 1720 cm-l (C02CH 3 ). o 6.92(d, lH, J=8Hz, ArH, 
H2"); 6.59 (d, lH, J=8Hz, ArH, H3"); 3.88 (s, 4H, OCH 2CH 20); 
3.70 (s, 3H, ArOCH 3 ); 3.66 (s, 3H,co2cI-f3 ); 3.2-2.4(m, 6H, 
ArCH 2 ); 2.1-1.6 (m, 4H, ArCH 2CH 2 ); 1.33 (s, 3H, CH 3C(C 2H4o 2 )-). 
MS 3 5 0 ( 21 % , M +) , 8 7 ( 10 0 % , CH 3 C ( C 2 H 4 0 2 ) +) • 
OU 
2-(2'-(6"-Carboxy-6"-hydroxy-4"-methoxy- 5",6",7"8"-
tetrahydro-1"-naphthyl) )ethyl-2-methyl-1,3-dioxolane 36 
A mixture of the hydroxy ester 33 (2.0g, 5.71 mmol), 
methanol (40 ml) and 50% aqueous potassium hydroxide (20 ml) 
was stirred at room temperature £or 2 hours (nitro0cn wa s 
bubbled through the solution during the course of the 
reaction, TLC indicated reaction complete after 1.75 hr.). 
The methanol was evaporated and the solution was washed with 
ether (2x30 ml). Ice (20g) and ethyl acetate (30 ml) 
were added and the rapidly stirred two phase system was 
acidified to pH 4 (10% aqueous hydrochloric acid). The 
layers were separated and the aqueous phase was extracted 
with ethyl acetate (2x30 ml). - The combined extracts were 
washed with water (2x40 ml), brine (40 ml) and dried (Na2so4 ). 
Evaporation of the solvent afforded the required hydroxy 
acid 36 (1.92g, 100%) as a white solid. v 3600-3100 
max 
-1 (OH), 3200-2500, 1705 cm (C02H). o 7. 70 (br.s, 2H, 
C ( OH ) CO 2 H ) ; 6 . 9 4 ( d , l H , J = 8 H z , Ar H , H 2 " ) ; 6 . 5 8 ( d , l H , 
J=8Hz, ArH, H3"); 3.94 (s, 4H, OCH 2CH 20); 3.72 (s, 3H, 
ArOCH 3 ); 3.2-2.4 (m, 6H, ArCH 2); 2.2-1.6 (m, 4H, ArCH 2CH 2 ); 
1.36 (s, 3H, CH 3C(C2H4o2 )-). 
2-Hydroxy-8-methoxy-5i3'-oxo-butyl)-l,2,3,4-tetrahydro-
2-naphthoic acid 30 
The ketal 36 (l.92g,5.7mmol) in acetone (150 ml) was 
treated dropwise with 10% aqueous hydrochloric acid (30 ml) 
and the solution was then heated at 60° for 30 minutes . 
The mixture was then cooled to room temperature and the 
U9 
acetone was evaporated. The product was extracted into 
ethyl acetate (3x30 ml) and the combined extracts were 
washed with water (50 ml), brine (50 ml) and dried (Na 2so4 ). 
Evaporation of the solvent afforded the ketone 30 (1.66g, 
100%) as a white solid, pure by TLC (10 % methanol/methylene 
chloride, Rf 0.4) and NMR analysis. Recrystallization 
from methylene chloride-pentane secured an analytical sam-
0 ple, mp 135-136 . ( Found : C , 6 5 . 3 8 ; H , 6 . 9 8 . 
requires C, 65.74; H, 6.90%.). v (CIICl) 
max 3 
-1 2700-2400, 1710 (co2H), 1720 cm (ketone). 
Cl6H200S 
3600-3100 (OII), 
o (CDC1 3 ) 
7.60 (br.s,2H, s, C(OH)C0 2H); 6.90 (d, lH, J=8Hz, ArH, H6); 
6.58 (d, lH, J=8Hz, H7); 3.66 (3H, s, ArOCH 3 ); 2.08 (3H, s, 
COCH 3 ) . 
8-Methoxy-5-(4'-methoxycarbonyl-3'-oxo-butyl)-1,2,3,4-
tetrahydro-2-naphthoic acid 37 
A mixture of the keto-acid 15 (750 mg, 2.7 rnmol), dry 
dimethyl carbonate (15 ml), granular sodium hydride (314 mg, 
13.5 rnmol), dry methanol (1 drop) and tetrahydrofuran 
(50 ml) was heated under reflux for 24 hours under an 
atmosphere of nitrogen. The mixture was then cooled to o0 
and an aliquot (10 ml) was poured onto ice (10g) and the 
resulting solution was acidified to pH 3 with aqueous 10 % 
hydrochloric acid. The product was extracted with ethyl 
acetate (3x20 ml) and the combined extracts were washed 
with water (2x30 ml), brine (30 ml) and dried (Na2so 4). 
Evaporation of the solvent afforded, as an oil (750 mg), 
a mixture of 15 and 37 (70:30 from NMR analysis). Additional 
90 
sodium hydride (125 mg, 5.4 mmol) was then added to the 
d 
reaction mixture which was heated uner reflux for a further 
A 
24 hours. ~n aliquot was then removed and the product was 
isolated as described above. NMR analysis showed an ident-
ical mixture of 15 and 37 to that above. Variations of the 
above, including the prior addition of potassium hydride 
(7. l6 mg, 5.4 mmol) and/or hexamethylphosphoric triamide 
(5 ml) resulted in the isolation of an identical mixture of 
15 and 37. TLC analysis of this mixture (5 % methanol/ 
methylene chloride) showed one spot Rf 0.4. Attempts to 
separate 37 from 15 by either multiple elution preparative 
TLC (1% methanol/methylene chloride) ot· fractional recrystall-
ization (methylene chloride, methylene chloride/pentane, 
VJWe 
methylene chloride/ether, ethyl acetate/pentane ) ~unfruit-
-1 (C02H), 1740 cm v ( CH C 1 3 ) 2 7 0 0 -15 0 0 , 1 7 1 0 max ful. 
(COCH 2co2cH 3 ). o (CDC1 3 ) 3. 68 (s, co 2cH 3 ); 3. 40 (s, 
COCH 2co2cH 3 ). MS 334 (23% M+), 219 (100%, M-CH 20cH 2co2cH 3 ). 
8-Methoxy-5-(4'-methoxycarbonyl-3'-oxo-pentyl)-1,2,3,4-
tetrahydro-2-naphthoic acid 16 
A mixture of the S-keto ester 37 (contaminated with 
25% of the keto-acid 15), 4~ molecular sieves (4g), pyrr-
olidine (1.7 ml, 20 mmol) and dry benzene (25 ml) was 
stirred at room temperature for 24 hours under an atmosphere 
of nitrogen. The solution was filtered through celite and 
then evaporated to dryness. Residual pyrrolidine was then 
removed in high vacuum and the enamine 40 (contaminated with 
15) was obtained as a pale ye llow oil. 
(br.s, lH, W~=7Hz, c 4H8N-C=CH-C02cH 3 ) 3.58 (s, 3H, C0 2CH 3 ) . 
• 
. '""' To a solution of the enamine 40 ~ dry tetrahydrofuran 
(50 ml) was added dropwise methyl iodide (1 ml, 16 
d h . h 0 an t e mixture wast en heated at 70 for 20 hours. 
mmol) 
The 
reaction mixture was cooled to room temperature, water 
(5 ml) was added and the solution was stirred for 1 hour. 
The solvent was then evaporated and the residue was acidi-
fied to pH 3 with aqueous 10 % hydrochloric acid. Brine 
(10 ml) was added and the product was extracted into ethyl 
acetate (2xl0 ml). The combined extracts were washed with 
water (10 ml), brine (10 ml) and dried (Na 2so4 ). Evapora-
tion of the solvent afforded, as an oil (760 mg), a mixture 
of 16 and 15 (~25%). Attempts to separate 16 from 15 (TLC: 
5% methanol/methylene chloride, Rf 0.4) by either multiple 
elution preparative TLC (1% methanol/methylene chloride) or 
fractional recrystallization were unsuccessful. v 
max 
-1 2700-2500, 1710 (C0 2H), 1740 cm (COCH(CH 3 )co2cH 3 ). 
(CDC1 3 ) 3.68 (s, 3H, co2cH 3 ); 3.52 (q, lH, J=7Hz, COCH(CH 3 ) 
C02 CH 3 ); 1.30 (d, 3H, J=7Hz, COCH(CH3 )co 2cH 3 ). MS 348 
92 
Attempted preparation of: 
2-Hydroxy-8-methoxy-5-(4'-methoxycarbonyl-3'-oxo-butyl)-
1,2,3,4-tetrahydro-2-naphthoic acid 38 
A mixture of the keto-hydroxyacid 30 (100 mg, 0.34 
nunol), dimethyl carbonate (5 ml), granular sodium hydride 
(81.6 mg, 3.4 nunol), dry methanol (1 drop) and tetrahydro-
furan (10 ml) was heated at 60° for 20 hours. After a sim-
ilar work-up procedure to that described for the isolation of 
37 a mixture of the elimination products 41 (o (CDC1 3 ) 
8 . 8 0 ( s , 1 H , CH C (CO 2 H ) ) ; 7 . 1 0 ( d , 1 H , J = 8 Hz , Ar H , H 6 ) ; 
6. 66 (d, lH, J=8Hz, ArH, H7); 3. 76 (s, 3H, ArOCH 3 ); 3. 68 
( s, 2 . 4 H, CO 2 CH 3 ) ; 3 . 3 8 ( s, -1. 6 H, COCH 2 CO 2 CH 3 ) ; 3 . 3-2 . 2 
(m, SH) and 42 (o (CDC1 3 ) ~16 (s, 0.6H, COCH 3 ) ) in a ratio 
e 
of 4:1 respectively. A similar ration of the products 41 
A -
and 42 was obtained when the above reaction was repeated at 
room temperature for 24 hours in dry dimethylsulphoxide 
solution. 
5-formyl-8-methoxy-1,2,3,4-tetrahydro-2-napthoic acid 47 
Phosphorous oxychloride (32 ml, 0.35 mol) was added 
slowly dropwise to dry dimethylformamide (20 ml) at o0 • 
Stirring under an atmosphere of nitrog~n was continued for 
10 minutes followed by the addition of a solution of the acid 
46 (lOg, 48.5 mmol) in dry dimethylformamide (25 ml). 
Stirring at 75° was continued for 70 hours. The reaction 
mixture was cooled to room temperature and then poured into 
300g of cracked ice and 100 ml of tetrahydrofuran ; stirring 
was continued for 2 hours. Ethyl acetate (200 ml) was added 
93 
and the layers were separated. After two further extract-
tions with ethyl acetate (2x200 ml), the combined extracts 
were washed with water (Sx300 ml), brine (300 ml), and dried 
(Na 2so 4 ). Evaporation of the solvent followed by recryst-
ization from methylene chloride afforded 9.lg (80 %) of 
0 the aldehyde 47, as buff crystals, mp 144-145 . Further 
recrystallization afforded an analytical sample, mp 145-
o 145.5 . (Found C, 66.34; H, 5.92; c13H14 o4 requires C, 
66.66; H, 6.02%). 
2400, 1700 cm-1 . o 
v (nujol) 2700, 1680 (CHO), 2700-
max 
(CDC1 3 ) 10.25 (br.s, lH, C02H); 10.0 
(s, lH, ArCHO); 7.60 (d, lH, J=8Hz, ArH H6); 6.76 (d, lH, 
J=8Hz, ArH H7); 3.84 (s, 3H, ArOCH 3 ); 3.50 (d,t,lH, J=20Hz, 
6Hz, ArCH(H) at C-4) 3.2-2.4 (m, 4H, ArCH 2 , CHC0 2H, ArCH(H) 
at C- 4 ) ; 2 . 2 0 ( m, 1 H , Ar CH 2 CH ( H) ) ; 1 . 8 0 ( m, 1 H , Ar CH 2 CH ( H) ) . 
MS 2 3 4 ( l O O % , M +) , 18 9 ( 8 3 % , M +-CO 2 H) . 
Conversion of the aldehyde 47 to the keto-acid 15: 
5-(3'-oxo-l-butenyl)-8-methoxy-1,2,3,4-tetrahydro-2-
naphthoic acid 49 
To a stirred solution of aqueous 10% sodium hydroxide 
solution (1 ml) and ethanol (1 ml) was added, dropwise, a 
solution of the aldehyde 47 (250 mg, 1.0 rnrnol) in acetone 
(8.1 ml, 1.3 rnrnol) and ethanol (1 ml) at such a rate that 
0 the reaction temperature kept below 25 . Stirring at room 
temperature was continued for 1 hour, ice (10g) was then 
added and the solution was acidified to pH 3 (aqueous 10 % 
hydrochloric acid) and finally extracted with ethyl acetate 
(3xl0 ml). The combined extracts were washed with water 
') I} 
(2x20 ml), brine (20 ml) and dried (Na 2so 4). The solvent 
ws evaporated and the crude product was purified by prepar-
ative TLC (5% methanol/ methylene chloride, Rf 0.3) which 
afforded pure 49 (263 mg, 90%) as a white crystalline solid, 
0 
mp 144-146 . (Accurate mass-Found: 274.1203. c16H18o4 
requires 274.1205). ~ (CHC1 3 ) 2800-2500, 1710(C02H), max 
1670 -1 cm cS (CDC1 3 ) 10.00 (br.s, lH, C0 2H); 7.76 (d, lH, 
J=l6 Hz, CH=CHCO); 7.44 (d, lH, J=8Hz, ArH, H6); 6.68 (d, 
lH, J=8Hz, ArH, H7); 6.52 (d, lH, J=l6 Hz, CH=CHCO); 3.80 
( s' 3H, ArOCH 3); 3.2-2.6 (m, SH) ; 2.32 ( s, 3H, COCH 3 ); 2.24 
(m, lH, ArCH 2CH(H) ) ; 1.90 (m, lH, ArCH 2CH(H) ) . MS 274 
(3%, M+) ' 209 (99%), 160 (100%). 
The unsaturated ketone 49 (100 mg,0.36 mmol) in ethyl 
acetate (20 ml) was hydrogenated at 40 psi over 5% paladium 
on carbon (5 mg) for 3 hours. The catalyst was removed by 
filtration through celite and the solvent was evaporated, 
affording pure 15 (100 mg) as a white crystalline solid, 
identical in all respects (IR, NMR, MS) to that previously 
prepared. 
Benzyl 5-Formyl-8-methoxy-1,2,3,4-tetrahydro-2-naphthoate 50 
a 
To/ suspension of anhydrous potassium carbonate (6.6g, 
46.97 mmol) in a solution of the aldehyde 47 (5.Sg, 23.48 
mmol) in dry dimethylformamide (50 ml) was added benzyl 
bromide (8.25 ml, 70.46 mmol) over a period of 10 minutes. 
Stirring at room temperature was continued for 20 hours 
- j -
under an atmosphere of nitrogen. Dry triethlamine ( 9.7 ml, 
/\ of 
70 mmol) was added dropwise (to destroy the excessAbenzyl 
bromide) and stirring was continued for 2 hours. Water 
(100 ml) and ethyl acetate (100 ml) were added and the layers 
separated. The aqueous phase was extracted once more with 
ethyl acetate (100 ml) and the combined extracts were washed 
with aqueous 10% hydrochloric acid (2xl00 ml), water (SxlOO 
ml), brine (100 ml) and dried (Na 2so4 ). The solvent was 
evaporated and the crude product was filtered through silica 
gel (90g) in benzene which afforded 7.lg (93%) of the 
required benzyl ester 50 as a colourless oil(homogeneous by 
TLC (methylene chloride) Rf 0.3) vmax (CHC1 3 ) 2695, 1680 
-1 (CHO) , 172 0 cm (CO 2 CH 2 ¢) • 8 10. 0 2 ( s, lH, CHO) ; 7. 6 0 
(d, lH, J=8Hz, ArH, H6); 7.08 (s, SH, co2cH 2c 6H5 ); 6.72 (d, 
lH, J=8Hz, ArH, H7); 5.10 (s, 3H, co2cH 2¢); 3. 82 (s, 3H, 
AroCH 3 ); 3.52 (d, t, lH, J=20 Hz, 6 Hz, ArCH(H) at C4);3.24-
2.40 (m, 4H, ArCH 2 , ArCH(H) at c4, CHC02H); 2.24 (m, lH, 
ArCH 2CH(H) ) ; 1.84 (m, lH, ArCH 2CH(H) ) . MS 324(27%,M+), 
233 (65%, M-C7H7 ), 187 (75% M-COCH 2¢), 91 (100%, c 7H7 + ). 
t-Butyl bromoacetate 
A solution of bromoacetic acid (20g, 0.144 mol) in dry 
benzen~(lOO ml) was added dropwise to thionyl chloride 
0 (14.3 ml, 1.3 equivalents) at 50 over 1 hour. The reaction 
was completed by refluxing for 1 hour under an atmosphere 
of nitrogen. The benzene and thionyl chloride were removed 
by distillation at atmospheric pressure. A solution of the 
crude acid chloride in dry ether (20 ml) was added to a 
stirred mixture of dry t-butanol (11.4g, 0.144 mol) and 
dimethylaniline (20.2g, 0.166 mol) in ether (20 ml). The 
mixture was refluxed for 18 hours under an atmosphere of 
nitrogen. The ether was evaporated at atmospheric pressure 
and fractional distilation afforded t-butyl bromoacetate 
(19.5 g, bp 64°/18mm, lit 50°/10 mm) . 159 o (benzene) 
t-Butyl 3(6'-Benzyloxycarbonyl-4'-methoxy- 5' ,6' ,7' ,8'-
tetrahydro-l'-naphthyl)-3-hydroxy-propanoate 51 
""'t3 ~ 
To a mixture of magnesium turnings (280 mg, 11.52 tnmol) 
and dry tetrahydrofuran (15 ml) at 50° under an atmosphere 
of nitrogen was added methyl iodide (2 drops). A solution 
of the aldehyde 5~ (2.2g, 6.79 mmol) and t-butyl bromoace-
tate (1.72g, 8.15 mmol) in tetrahydrofuran (15 ml) was added 
at such a rate to cause a gentle reflux (ca 15 min.). The 
mixture was refluxed for 1 hour, cooled to o0 and poured 
onto ice (40g) and 10% aqueous hydrochloric acid (10 ml). 
The mixture was extracted with ethyl acetate (3x30 ml). 
The combined extracts were washed with water (3x50 ml), 
brine (50 ml) and dried (Na 2so4 ). Evaporation of the sol-
vent afforded the ester 51 (3.0g, 100%) as a colourless oil, 
pure by TLC (Rf 0.7, methylene chloride) and NMR analysis. 
(Accurate mass-Found 440.2192. c 26H32 o6 requires 440.2199). 
v ( f i 1 m) 3 6 0 0 - 3 1 0 0 ( OH ) , 1 7 2 5 cm - l ( e s te rs ) . o 7 . 3 2 
max 
(s, SH, C0 2CH 2c 6H5 ); 7.30 (d, lH, J=8Hz, ArH H2'); 6.70 
(d, lH, J=8Hz, ArH,H3' . ); 5.24 (m, lH, CH(OH)Ar); 5.17 (s, 
2H, co2cH 2C6H5 ); 3.76 (s, 3H, ArOCH 3 ) ;3.4-2.5 (m, 7H); 2.16 
(m, lH, ArCH 2CH(H) at CB') 1.76 (m, lH, ArCH 2CH(H) at C8'); 
1.44 (s, 9H, C02C(CH 3 ) 3 ). MS 440 (7%, M+), 432 (20%, 
() 7 
M-H 20), 366 (23%, M-H 20-CH 2=c(cII 3 )2) ,275 (100%, 366-C7H~), 
+ 2 31 ( 5 0 % , 2 7 5-CO 2 ) , 91 ( 10 0 % , C 7 H 7 ) . 
t-Butyl 3(6'-Benzyloxycarbonyl-4'-methoxy- 5' ,6' ,7' ,8'-
tetrahydro-l'-naphthyl)-prop-2-enoate 52 
To a solution of the alcohol 51 (3.0g, 6.79 mmol) in 
dry pyridine (15 ml) at o0 was added methanel"'\sulphonyl 
~ 
chloride (1.58 ml, 20.37 mmol). After stirring at 20° for 
30 minutes, the reaction mixture was heated at 50° for 1 
hour. Water (4 ml) was added dropwise at o0 and the solu-
tion was acidified (aqueous 10% hydrochloric acid at o0 ) 
.and then extracted with ethyl acetate (3x20 ml). The com-
bined extracts were washed with aqueous 10% hydrochloric 
acid (30 ml), water (2x30 ml), brine (30 ml) and dried 
(Na 2so4 ). The solvent was evaporated. Preparative TLC 
(methylene chloride) afforded the ester 52 as a pale yellow 
oil (2.43g, 85%). (Accurate mass - Found 422.2093. c 26 H30o 5 
requires 422.2093). vmax (film) 1735 (co 2cH 2c 7H7 ), 1710, 
-1 1630 cm (ArCH=CHC0 2 C(CH 3 ) 3 ). o (CDC1 3 ) 7.83 (d, lH, 
t J=l6Hz, CH=CHC02 Bu); 7.42 (d, lH, J=8Hz, ArH H2'); 7.33 
(s, SH, co2 cH 2 C6H5 ); 6.67 (d, lH, J= 8Hz, ArH, H3'); 6.15 
(d, lH, J=l6 Hz, CH=CHtBu); 5 .12 (s, 2H, C0 2CH 2 C6H5 ); 3.76 
(s, 3H, ArOCH 3 ); 3.3-2.4 (m, SH); 2.20 (m, lH, ArCH 2CH(H) 
at C 8 ' ) 1 . 8 0 ( m, 1 H, Ar CH 2 CH ( H) at C 8 ' ) ; 1 . 5 0 ( s , 9 H, CO 2 
C ( CH 3 ) J) . MS 4 2 2 ( 8 % , M +) , 3 6 6 ( 3 0 % , M-CH 2 =C ( CH 3 ) 2 ) , 3 2 2 
+ ( 18 % , 3 6 6-CO 2 ) , 2 7 5 ( 4 4 % , 3 6 6 -C 7 H 7 ) 5 6 ( 10 0 % , C 4 H 8 ) . 
I ( 
' 
l· 
9 ll 
3(6'-Benzyloxycarbonyl-4'-mcthoxyl-5' ,6' ,7',8'-te tr a hydro-
1'-naphthyl) pent-2-enoic acid 53 
A solution of the ester 52 (2.0g, 0.473 mmol) in dry 
methylene chloride (10 ml) was added dropwise to trifluoro-
acetic acid (20 ml) at o0 . Stirring at o0 was continued 
for 1 hour. The reaction mixture was poured onto ice (50g) 
and extracted with ethyl acetate (3x30 ml). The combined 
extracts were washed with water(4xl00 ml), brine (100 ml) 
and dried (Na 2so4 ). The solvent was evaporated and the 
residue was dissolved in aqueous 10% sodium bicarbonate 
solution ( 3 0 ml) . The aqueous solution was washed with 
methylene chloride ( 3 0 ml) , acidified at o 0 (aqueous 10% 
hydrochloric acid) and extracted with ethyl acetate 
(3x50 ml). The combined extracts were washed with water 
(2xl00 ml), brine (100 ml) and dried (Na 2so4 ). Evaporation 
of the solvent afforded the acid 53 (1.2g, 70%) as a pale 
yellow solid, mp 110-113°. v (nujol) 2750-2300, 1675 
max 
-1 6 (ArCH=CHC02H), 1725 cm (co 2cH 2¢). o (CDC1 3/d DMSO) 
7.86 (d, lH, J=l6Hz, CH=CHC02H); 7.43 (d, lH, J=8Hz, ArH, 
H2'); 7.31 (s, SH, co2cH 2C6H7 ); 6.72 (d, lH, J=8Hz, ArH, H3'); 
6.18 (d, lH, J=l6Hz, CH=CHC0 2H); 5.12 (s, 2H, co 2cH2C6H5); 
3.78 (3H, s, ArOCH 3 ); 3.3-2.5 (SH, m); 2.22 (lH, m, ArCH 2 
CH(H) ) ; 1.82 (lH, m, ArCH 2CH(H) ) . MS 366 (11 %,M+), 
274 (100%), 213 (53 %, M-C7H7-co2-H20). 
99 
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Methyl 3-0xo-2-methyl butanoate 
A solution of methyl 3-oxo-butanoate (10g, 86.1 mmol) 
and pyrrollidine (28 ml, 344 mmole) in dry benzene (200 ml) 
was heated to reflux until the azeotropic removal of water 
ceased (ca 18 hrs.). The benzene solution was then concen-
trated by evaporation at atmospheric pressure. Dry tetra-
hydrofuran (200 ml) and methyl iodide (27 ml) were added 
and the mixture was heated to reflux for 24 hours. The 
mixture was cooled to room temperature and water (100 ml) 
was then added and stirring was continued for a further 
30 minutes . Brine (100 ml) was added and the product was 
extracted into ether (3xl00 ml) . The combined extracts 
were washed with aqueous 10 % hydrochloric acid solution 
(100 ml), water (100 ml) and dried (Na 2so 4). The solvents 
were evaporated at room temperature. Fractional distillation 
"" afforded 9.6g of methyl 3-0xo-2-methyl ·butanoate as a col-
'--'" 
ourless liquid, bp 72-73.5°/20 mm (lit. 177.4°/760 mm). 160 
o (CDC1 3 ) 3.74 (s, 3H, co 2cH 3 ); 3.52 (q, lH, J=8Hz, COCH(CH 3 ) 
c~2CH3); 2.21 (s, 3H, COCH3); 1.32 (d, 3H, COCH(CH3)C02CH3). 
Methyl 5(6 ' -Benzyloxycarbonyl-4'-methoxy-5' ,6' ,7' ,8'-
....--.._ 
tetrahydro-l'-naphthyl)-3-oxo-2-methyl pent-4-eno ate 45 
To a solution of oxalyl chloride (0.9 ml, 10.65 mmol) 
in dry methylene chloride (20 ml) at o0 was added the acid 
53 (810 mg, 2.21 mmol) as a solid, portionwise . Afte r 
stirring for 1 hour at room temperature the solution was 
refluxed for 30 minutes. The volatiles were evaporated, 
dry benzene was added (20 ml) and the solution was evapor-
LOO 
orated. Residual hydrogen chloride was removed on a high 
vacuum pump over a 1 hour period. The acid chloride in dry 
benzene (10 ml) was added to a solution of sodium methyl 
3-oxo-2-methyl-butanoate (from methyl 3-oxo-2-methyl-
butanoate (320 mg, 2.46 mmol) an<l sodium hy<lridc (59 my, 
2.46 mmol) ) in dry benzene (10 ml) at o0 under an atmosphere 
of nitrogen. After stirring at room temperature for 4 hours, 
ice (20g) was added and the mixture was acidified to pH 4 
(10% aqueous hydrochloric acid). The layers were separated 
and the aqueous phase was extracted with ethyl acetate 
(2xl5 ml). The combined extracts were washed with water 
(2x20 ml), brine (20 ml) and dried (Na 2so 4 ) . The solvent 
was evaporated affording the diketo-diester 54 as a pale 
yellow oil. o 8.01 (d, lH, J=l6Hz, CH=CHCO); 7.48 (d, lH, 
J=8Hz, ArH, H2' ) ; 7.33 ( s ' SH, C0 2CH 2c 6g5 ); 6.70 ( d' lH, 
J=8Hz, ArH, H3' ) ; 6.68 ( d' lH, J=l6Hz, CH=CHCO); 5.15 ( s ' 
2H, co2cH 2c 6H5 ); 3.80 ( s ' 3H, ArOCH 3 ) ; 3.77 ( s' 3H, co2cH 3 ); 
2.25 ( s, 3H, COCH 3 ); 1.64 ( s' 3H, CH 3 ) . 
Dry ammonia gas ( 5 0 ml, distilled from sodium) was 
bubbled through a solution of the crude diketo-diester 54 
in dry tetrahydrofuran (50 ml) at o0 over 1 hour. The 
mixture was stirred for 1 hour at room temperature, the 
ammonia was evaporated and the reaction mixture was acidified 
at o0 to pH 4 (aqueous 10% hydrochloric acid). Water (100 ml) 
was added and the solution was extracted with ethyl acetate 
(3x50 ml). The combined extracts were washed with water 
(2x50 ml), brine (50 ml) and dried (Na2so4 ). The solvent 
was evaporated . Preparative TLC (methylene chloride) 
I) 
]01 
afforded the 8-keto ester 45 (650 mg, 67 %, Rf 0.6) as a 
colourless oil. (Accurate mass- 436.1882. c 26 H28 o 6 requires 
-1 436.1886.). vmax (CHC1 3 ) 1735 (esters), 1690, 1660 cm 
(ArCH=CHCO). 8 (CDC1 3 ) 7.93 (d, lH, J=l6Hz, CH=CHCO); 
7 . 4 9 ( d, 1 H, J = 8 Hz , Ar II , II 2 ' ) ; 7 . 3 3 ( s , 5 II, CO 2 CI-I 2 C 6 H 5 ) ; 
6.74 (d, lH, J=8Hz,ArH, H3'); 6.65 (d, lH, J=l6Hz, CH= 
CHCO); 5.13 (s, 2H, co2cH 2c 6H5 ); 3.81 (s, 3H, ArOCH 3 ); 
3.69 (s, 3H, co2cH 3 ); 3.49 (q, lH, J=7Hz, COCH(CH 3 )co2cH 3 ); 
3.25-2.25 (m, lH); 2.25 (lh, m, ArCH 2CH(H) ); 1.45 (m, lH, 
ArCH 2CH(H) ); 1.42 (d, lH, J=7Hz, COCH(CH 3 )co2cH 3 ). MS 
436 (40%, M+), 405 (7%, M-OCH 3 ) 349 (40 %, M-CH 3CHC0 2CH 3), 
345 (30%, M-C 7H7 ), 257 (60%, 345-C4H6o 2 ), 213 (33%, 257-
+ 185 (37%, 213-CO), 91 (100%, c 7H7 ) . 
8-Methoxy-5-(4'-methoxycarbonyl-3'-oxo-pentyl)-1,2,3,4-
tetrahydro-2-naphthoic acid 16 
The 8-keto ester 45 (650 mg, 1.49 mmol) 
tate (65 ml) was hydrogenated at 40 psi over 
in ethyl ace-
1 
10% paladium 
A 
on carbon (130 mg) until the required amount of hydrogen 
had been absorbed (ca 4 hrs.). The catalyst was removed 
by filtration through celite and the solvent was evapor-
ated, affording the S-keto ester 16 as- a colourless oil 
(450 mg). Attempts to secure an analytical sample by recrys-
tallization were unsuccessful. (Accurate mass-Found 
348.1573. c 19H24 o 6 requires 348.1572). vmax (CHC1 3 ) 2700-
2500, 1710 (C0 2H). 1740 cm-l (COCH(CH 3 )co2cH 3 ). 8 (CDC1 3 ) 
6.96 (d, lH, J=8Hz, ArH, H6); 6.64 (d, lH, J=8Hz, ArH, H7); 
102 
3.76 (s, 3II, ArOCH 3 ); 3.68 (s, 3H, co 2cH 3 ); 3.52 (q, lH, 
J=7Hz, COCH(CH 3 )co2cH 3 ): 3.28-240 (m, 9H); 2.26 (m, lH, 
ArCH 2CH(H) ); 1.86 (lH, m, ArCH 2CH(H) ); 1.30 (d, 3H, 
J=7Hz, COCH(CH 3 )co2cH 3 ). 
Methyl 3-0xo-5-(6'-diazoacetyl-4'-methoxy-5' ,6' ,7',8'-
..---
tetrahydro-1' -naphthyl)-2-methyl pentanoate 55 
..:::;., 
A solution of the acid 16 (450 mg, 1.29 mmol) in dry 
methylene chloride (8 ml) was added to oxalyl chloride (0.33 ml, 
3.9nunol)at o0 • Stirring was continued at room temperature 
until the evolution of co 2 ceased (ca 2 hrs.). The reaction 
was completed by heating at 50° for 30 minutes. The volatiles 
were evaporated on a rotoevaporator then dry benzene was 
added and the solution was again evaporated (2xl0 ml). 
Residual hydrogen chloride was removed at high vacuum over a 
period of 1 hour. The crude acid chloride in methylene 
chloride (6 ml) was then added dropwise over 20 minutes 
to dry etheral diazomethane(5 equivalents) at -25°. The 
reaction was stirred for 1 hour at -25° and then for 12 
hours at room temperature. Evaporation of the solvent 
afforded the diazoketone 55 as a pale yellow oil (480 mg). 
Vmax (CHC1 3 ) 2080, 1640 (COCHN 2 ), 1735, 1705 cm-l (COCH 2 
C02CH 3 ). o (CDC1 3 ) 6.82 (d, lH, J=8Hz, ArH H2'); 6.52 
(d, lH, J=8Hz, ArH H3'); 5.34 (s, lH, COCHN 2 ); 3.67 (s, 3H, 
ArOCH 3 ); 3.60 (s, 3H, C0 2CH 3 ); 3.48 (q, lH, J=7Hz, COCH 
(CH 3 )co 2cH 3 ); 3.3-2.4 (m, 9H); 2.20 (m, lH, ArCH 2CH(H) ); 
1.76 (m, lH, ARCH 2CH(H) ); 1.26 (d, 3H, J=7Hz, COCH(CH 3 ) 
co 2cH 3 ). 
103 
Methyl 3-0xo-2-methyl-5 (8', 9' -dihydro-4a' ·, 71-methan o -
4aH-benzocycloheptene-4', 6' (5'H, 7'H)-dionyl)-pentanoate 
17 
To a stirred slurry of trifluoroacetic acid (10 ml) 
and dry methylene chloride (5 ml) at -25° was added a sol-
ution of the diazoketone 55 (480 mg,1.29 mmol) in methylene 
chloride (5 ml) dropwise over 10 minutes under an atmosphere 
of nitrogen. After an additional 2 minutes, water (20 ml) 
and methylene chloride (10 ml) were added. The reaction 
mixture was allowed to warm to room temperature and the 
phases were separated. The organic phase was washed with 
water (20 ml), aqueous 10% sodium bicarbonate solution 
·(2x20 ml), water (2x20 ml), brine (20 ml) and dried (Na2so 4 ). 
Evaporation of the solvent afforded a mixture of the dienone 
17 and the trifluoroacetate 56 (7:1, from NMR analysis) C. ==CH ~ 
-c.oCM2 cTfA ) . The mixture was stirred with aqueous methanolic 
potassium bicarbonate for 15 minutes (hydrolysis of tri-
fluoroacetate 56) and then separated by preparative TLC 
(methylene chloride) and the dienone 17 (Rf 0.5) was ob-
tained as a pale yellow oil (277 mg, 65 %). v (CHC1 3 ) max 
1740 (CO C6'), 1655, 1625, 1560 cm-l (dienone). o (CDC1 3 ) 
6.96 (d, lH, J=lOHz, =CH=CHCO); 6.06 (d, lH, J=lOHz,=CH= 
CHCO); 3.64 (s, 3H, co2cH 3 ); 3.52 (q, 1~, J=7Hz, COCH(CH 3 ) 
l Otl 
Methyl (2RS, 8SR, 8aSR, lOaRS) 7, 10, 12- Trioxo-8-methyl 
2,3,4,5,6,7,8,8a,9,10-decahydro-1H-2, lOa-ethanophenanthrcne-
8-carboxylate W 
Methyl (2SR, 8SR, 8aSR, 10aSR)7, 10, 12-Trioxo-8-methyl 
2 ,3,4, 5,6,7,8,8a,9,10-dccahydro-1II-2, lOa-cthanophcnanthrcnc-
8-carboxylate X 
Methyl (2SR, 8RS; 8aSR, lOaSR) 7, 10, 12-Trioxo-8-methyl 
2,3,4,5,6,7,8,8a,9,10-decahydro-1H-2, lOa-ethanophenanthrene-
8-carboxylate Y 
Methyl (2RS, 8RS, 8aSR, lOaRS) 7, 10, 12-Trioxo-8-methyl 
2,3,4,5,6,7,8,8a,9,10-decahydro-1H-2, lOa-ethanophenanthrene-
8-carboxylate Z 
CYCLIZATION OF THE DIENONE 17: 
i) With benzyf'trimethy~ammonium methoxide in methylene 
...._,.. ~ 
chloride. 
To a stirred solution of the dienone 17 (70 mg) in dry 
methylene chloride (2 ml) at room temperature was added 
benzylAtrimethyf""ammonium methoxide (1 drop of 40% solution 
- "-.../ 
in methanol). Stirring was continued at room temperature 
for 2 hours under an atmosphere of nitrogen. Ice (2g) was 
added and the solution was acidified to pH 5 with 10% aqueous 
hydrochloric acid, and extracted with methylene chloride 
(3x3 ml) . The combined extracts were washed with water 
(2x5 ml), brine (5 ml) and dried (Na2so4 ). The solvent was 
evaporated . Preparative TLC (5% methanol/methylene chlor-
ide) afforded a mixture of the diastereoisomers W, X, Y, 
and Z (4:4:1:1, 63 mg, 90%). (l\ccurate Mass-Found 330.1470. 
1 ' 
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c 19H22 o 5 r e quires 330.1467). vmax (CHC1 3 ) 1740 (CO cyclo-
pentanone), 1730 (s, ester), 1718, 1710 cm-l (cyclohexanones). 
8 ( CDC 1 3 ) : W 3 . 6 6 ( s, CO 2 CH 3 ) ; 1. 3 4 ( s, CH 3 ) , X 3. 5 2 
( s , CO 2 CH 3 ) ; 1 . 3 4 ( s , CH 3 ) , Y 3 . 7 0 ( s , CO 2 CH 3 ) ; 1 . 12 ( s , CH 3 ) , 
Z 3 . 71 ( s , CO 2 CH 3 ) ; 1 . 2 5 ( s , CH 3 ) . MS 3 3 0 ( 3 2 % , M +) , 2 7 1 
(100%, M-co2cH 3 ). 
ii) With benzyl trimethyl ammonium methoxide in methanol 
The dienone 17 (70 mg) was treated as above, however 
dry methanol (2 ml) was employed as the solvent. A similar 
work-up and purification procedure to that described above 
afforded a mixture of the diastereoisomers W, X, Y, and Z 
( 3 : 3 : 1 : 1 : , 6 4 mg , 9 0 % ) • 
iii) With sodium methoxide in methanol 
A solution of the dienone 17 (70 mg) in methanol (1.5 ml) 
was added dropwise, over 5 minutes to sodium methoxide 
(catalytic amount) in dry methanol (0.5 ml). Stirring was 
continued at room temperature under an atmosphere of nitro-
gen for 2 hours. A similar work-up and purification proce -
dure to that described above afforded a mixture of other 
diastereoisomers W, X, Y, and Z (2:2:1:1, 59 mg, 85 %). 
iv) With lithium methoxide in e the r 
The dienone 17 (70 mg) was treated as above , however 
lithium methoxide and ether were employed as the b a s e and 
the solvent respectively. St i rring wa s c ontinued 
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at room temperature under an atmosphere of nitrogen for 2 
hours. A similar work-up and purification proce dure to that 
described above afforded a mixture of the diastereoisomers 
W , X , Y , and Z ( l : l : 4 : 4 : 61 mg , 8 7 % ) • 
v) With trifluoroacetic acid 
A solution of the dienone 17 (70 mg) in trifluoroacetic 
acid (2 ml) was stirred at room temperature under an atmos-
phere of nitrogen for 3 hours. The reaction mixture was 
poured onto ice (Sg) and the solution was extracted with 
methylene chloride (3x5 ml). The combined extracts were 
washed with water (2xl0 ml), 10% aqueous sodium bicarbonate 
(10 ml), water (10 ml), brine (10 ml) and dried (Na 2 so 4 ). 
Preparative TLC (5% methanol/methylene chloride) afforded 
a mixture of the diastereoisomers W, X, Y, and ~(1:1:2:1, 
64 mg, 9 2 % ) • 
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CHAPTER 2 
Benzyl 8-Methoxy-5(1'-hydroxy-2'-propenyl)-1,2,3,4-
tetrahydro-2 - naphthoate 61 
To a solution of the aldehyde 50 (3.6g, 11.11 mmol) 
in dry tetrahydrofuran (55 ml) 0 at O , under an atmosphere 
of nitrogen was added dropwise one equivalent of vinyl 
magnesium bromide (ca 1.0 M solution in tetrahydrofuran, 
. d . 1 161) . . 00 . d titrate as per Gi mann . Stirring at was continue 
for 1 hour followed by stirring at room temperature for 1 
hour . The reaction mixture was poured onto ice (20g) and 
saturated aqueous ammonium chloride (30 ml). The aqueous 
phase was extracted with methylene chloride (3x50 ml). 
The combined extracts were washed with water to neutrality, 
brine (100 ml) and dried (Na 2so 4 ). Evaporation of the 
solvent afforded essentially pure 61 (3.9g, 100 %) as a 
colourless oil. \) 
max 
(film) 3600-3200 (OH), 1718 -1 cm 
1 H , J = 8 Hz , Ar H, H 6 ) ; 6 . 0 2 ( d , 1 H , J = 8 Hz , Ar H , H 7 ) ; 6 . 0 2 
(m , lH , W~=36Hz, CH 2=CHCH(OH)Ar); 5.20 (m, 3H, W~=24Hz, 
CH 2=CHCH(OH)Ar); 5.12 (s, 24, co2cH 2¢); 3.70 (s, 3H, ArOC~]); 
2. 80 ( m, SH , 2 (ArCH 2 ) , CH (C0 2CH 2¢); 2. 20 (m, lH,ArCH 2CH (H)); 
160 (m, lH, ArCH 2CH(H) ) . MS 352 (7%, M+), 336 (17 %, 
+ M-C 7H7 ), 91 (100%, C7H7 ) . 
LOB 
Benzyl 8-Methoxy-5(3'-chloro-l'-propenyl)-1,2,3,4-tetrahydro-
2- n a pthoate ~ 
To the alcohol 61 (3.9g, 11.11 mmol) in dry methylene 
chloride (98 ml) was added dropwise 1.53 ml. (21.11 mmol, 
1.9 equivalents) of thionyl chloride over 10 minutes. 
Stirring under an atmosphere of nitrogen was continued for 
1 hour at room temperature. Ice (20g) was then added and 
stirring was continued for 5 minutes. The layers were 
separated and the organic phase was washed with water 
(500 ml), aqueous 10% sodium bicarbonate solution (2x50 ml), 
water (2x50 ml), brine (50 ml) and dried (Na 2so4 ). Evap-
oration of the solvent afforded the chloride 62 as a pale 
-1 
vmax (film) 1720 cm (co 2cH 2c 6H5 ), brown oil (415g, 100%). . . 
-1 " 7 3 0 cm ( s) . 
(d, lH, J=8Hz, ArH, H6); 5.80 (d, lH, J=l6Hz, ArCH=CH); 
6 . 6 6 ( d , 1 H , J = 8 H z , Ar H , H 7 ) ; 6 . 0 4 ( d , t , 1 H , J = 16 H z , 
J=7Hz, ArCH=CHCH 2Cl); 5.08 (s, 2H, co 2 cH 2¢); 4.16 (d, 2H, 
J=7Hz, C=CH-CH 2Cl); 3. 70 (s, 3H, ArOCH 3 ); 2. 82 (s, SH, 2 
(ArCH 2 ), CH(C0 2CH 2¢); 2.24 (m, lH, ArCH 2CH(H) ) ; 1.88 
(m, lH, ArCH 2CH(H) ). 
Methyl 5(6'-Benzyloxycarbonyl-4'-methoxy-5' ,6' ,7' ,8'-
~ 
tetrahydr-l'-napthyl)-2-methoxycarbonyl pent-4-enoate 63 
-
To a solution of four equivalents of sodium dimethyl 
malonate (from 1.07g, 44.5 mmol of sodium hydride and 5.1 
ml, 44.5 mmol of dimethyl malonate) in dry dimethylformamide 
(100 ml) and HMPA (10 ml) was added a solution of the chlor-
ide 62 (4.15g, 11.11 mmol) in dimethylformamide (20 ml). 
Stirring under an atmosphere of nitrogen was continued for 
L09 
12 hours at room temperature. Ice (50g) was added and the 
solution was neutralized with aqueous 10% hydrochloric acid 
and extracted with ethyl acetate (3xl00 ml). The combined 
extracts were washed with water (4xl50 ml), brine (150 ml) 
and dried (Na 2so4 ). Evaporation of the solvent and removal 
of the dimethyl malonate at 1.0 mm afforded the malonic ester 
63 (5.3g) as a pale brown oil. The crude product was 
chromatographed on silica gel (80g)~ elution with benzene 
afforded 4.15g (80%) of pure 63 as a colourless oil. Attempts 
to secure an analytical sample by distillation (220°/.04 mm) 
led to decomposition. (Accurate mass-Found 466.1991. 
c 27 H30o 7 requires 466.1991). vmax (film) 1740 (malonate), 
172 0 cm-l ( b 1 ) ~ 2 0 ( 5 enzy ester. u 7. s, H, 
. 
, 6. 5 8 ( d, lH, 
J=8Hz, ArH H3'); 6.52 (d, lH, J=l6Hz, Ar-CH=CH); 5.84 
(d, t, lH, J=l6Hz, J=7Hz, Ar-CH=CHCH2 ); 5.08 (s, 2H, CO 2 
CH 2 ¢) ; 3 . 7 4 ( s, 3 H, Ar OCH 3 ) ; 3. 7 0 ( s, 6 H, CH (CO 2 CH 3 ) 2 ) ; 
3.44 (t, lH, J=8Hz, CH(Co 2cH 3 ) 2 ); 3.4-2.4 (m, 7H); 2.14 
(m, lH, ArCH 2CH(H) ) ; 1.80 (m, lH, ArCH 2CH(H) ) . MS 
466 (26%, M+), 91 (100%, C7H7 +). 
5(4',4' ,-Dimethoxycarbonyl-butyl)-8-methoxy-1,2,3,4-
tetrahydro-2-naphthoic acid 64 
The benzyl ester 63 (4.15g, 8.9 mmol) in ethyl acetate 
(250 ml) was hydrogenated/hydrogenolyzed at 40 psi over 
10% paladium on carbon (800 mg) until the required amount 
of hydrogen had been absorbed (ca 5 hrs.). The catalyst 
was removed by filtration through celite and the solvent 
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was evaporated, affording the required acid 64 (3.4g, 100 %) 
as a white crystalline solid, mp 102-105°. Recrystallization 
from ether secured an analytical sample, mp 105-106°. (Found 
C, 63.60; H, 6.78. c 20H26 o 7 requires c, 63.48; H, 6.93%). 
v (CHC1 3 ) 2700-2450, 1720 (C0 2H), 1740 cm-l (malonate). max 
o (CDC1 3 ) 9.20 (br.s, lH, C0 2H); 6.96 (d, lH, J=8Hz, ArH, 
H6); 6.64 (d, lH, J=8Hz, ArH, H7); 3.66 (s, 3H, ArOCH 3); 
3.60 (s, 6H, CH(Co2cH 3 ) 2 ); 3.38 (t, lH, J=Hz, CH(C0 2CH 3 ) 2 ); 
3.3-2.4 (m, 7H, 3(ArCH2 ), CH(C0 2H)) 2.4-1.7 (m, SH, 2.5 
+ (ArCH 2CH 2 ) ) 1.60 (m, lH, ArCH 2CH(H) ) . MS 378 (48%, M), 
219 (100%, M-CH 2CB 2CH(C0 2CH 3 ) 2 ). 
Methyl 5(6'-diazoacetyl-4'-methoxy-5' ,6' ,7' ,8'-tetrahydro-
~ 
l'-naphthyl)-2-methoxycarbonyl pentanoate 65 
........ 
A solution of the acid 64 (2.4g,6.45 mmol) in dry methy-
lene chloride (30 ml) was added dropwise over 20 minutes to 
oxalyl chloride (l.64ml,19.4mmol) in methylene chloride (20 
ml) at o0 • Stirring was continued at room temperature until 
the evolution of co 2 ceased (ca 2 hrs). The reaction was com-
pleted by heating at 50° for 30 minutes. The volatiles were 
evaporated on a rotoevaporator, dry benzene was added and the 
solution was again evaporated(2x30ml). Residual hydrochloric 
acid was removed at high vacuum(O.lmm) over a period of 1 hour. 
The crude acid chloride(v 1800 cm-l) - in methylene chloride 
max 
was added dropwise to dry ethereal diazomethane (30 mmol) at 
-25°. The reaction was stirred for 1 hour at -25° and then at 
25° for 12 hours. Evaporation of the solvent afforded the diaz-
oketone 65 (2.6g) as a pale yellow oil. (Accurate mass-Found: 
402.1792. c21B26 o 6N2 requires 402.1791). vma x ( f ilm) 2100, 
111 
-1 1640 (COCHN 2 ), 1740 cm (malonate). o (CDC1 3 ) 6.92 (d, lH, 
J = 8 H z , Ar H H 2 ' ) ; 6 . 5 6 ( d , 1 H , J = 8 H z , Ar H H 3 ' ) ; 5 . 3 O ( s , 1 H , 
COCHN 2 ) ; 3. 7 0 ( s, 3 H, Ar OCH J) ; 3. 6 4 ( s, 6 H, CH (CO 2 CH J) 2 ) ; 
3.40 (t, lH, J=7Hz, CH(C02 CH 3 ) 2 ); 3.2-2.4 (-m, 7H, 3(ArCH2 ), 
cg ( COCII N 2 ) ) 2 • 4 -1 • 7 ( rn, 3 II , l • 5 ( l\r CII 2 C!..!_2 ) ) : l • G 1 ( m , ].TI , 
Ar CH 2 CH ( H ) ) . MS 4 0 2 ( 2 % , M + ) , 3 7 4 ( 6 6 % , M - N 2 ) , 2 15 ( 1 0 0 % , 
M-N2 -cH2 CH 2 CH(C0 2 cH 3 ) 2 ), 159 (50%, CH 2 CH 2 CH(C0 2 cH 3 );). 
Methyl 2-Methoxycarbonyl-5(8' ,9'-dihydro- 4a', 7'-
methano-4aH-benzocycloheptene-4' , 6' ( 5 'H, 7 'H) -dionyl) -
pentanoate 60 
To a stirred slurry of trifluoroacetic acid (30 ml) 
and dry methylene chloride (15 ml) at -25° was added a 
solution of the diazoketone 60 (2.6g, 6.45 mmol) in 
methylene chloride (15 ml) dropwise over 10 minutes under 
an atmosphere of nitrogen. After an additional 2 minutes, 
water (50 ml) and methylene chloride (20 ml) were added. 
The reaction mixture was allowed to warm to room tempera-
ture and the phases were separated. The organic phase was 
washed with water (50 ml), aqueous 10% sodium bicarbonate 
solution (2x50 ml), water (2x50 ml), brine (50 ml) and 
dried (Na 2so4 ). Evaporation of the solvent afforded a 
mixture of the dienone 60 and the trifluoroacetate 66 
(8:1 from NMR analysis, 2. 7 g). v (CHC1 3 ) 1740 (CO at max 
-1 C6', malonate), 1655, 1625, 1555 cm (dienone). o 
7.02 (d, lH, J=lOHz, •CH=CHCO); 6.14 (d, lH, 
J=lOHz,-CH=CHCO); 3.66 (s, 6H, CH(C0 2 CH 3 ) 2 ); 3.32 (t, lH, 
J=7Hz, CH(C0 2 CH 3 ) 2 ). o (CDC1 3 ) 66: 5.05 (s, 2H, COCH 2 
OTFA) . 
Ll2 
Dimethyl (2SR, Sa, SR, lOaSR) 10,12-dioxo-2,3,4,5,6,7,8,8a, 
9,10-decahydro-lH-2,lOa-ethanophenanthrene-8,8-dicarboxylate 
67 
CYCLIZATION OF THE DIENONE 60: 
i) With sodium methoxide in methanol 
To a stirred solution of sodium methoxide in methanol 
(from 150 mg, 6.5 mrnol of sodium and 20 ml of methanol) was 
added the above mixture of the dienone 60 and the trifluoro-
acetate 66 in methanol (10 ml). Stirring was continued at 
room temperature for 5 hours. Ice ( 30g) was added and the 
solution was neutralized with 10% aqueous hydrochloric acid 
and extracted with ethyl acetate (3x40 ml). The combined 
extracts were washed with water (2x50 ml), brine (50 ml) 
and dried (Na 2so4 ). Evaporation, followed by chromatography 
(silica gel(60g) ,methylene chloride) afforded 1.7g (74%) 
of pure tetracyclic diketone 67 as a pale yellow oil (pure 
by TLC, 5% methanol/methylene chloride, Rf 0.6). v (CHC1 3 ) max 
3. 70 (s, 3H, co2cH 3 ); 3. 54 (s, 3H, co 2cH 3 ); 3. 24 (d, lH, 
J=20Hz, CH(H)CO). MS 360 (85%, M+), 329 (15%, M-OCH 3), 
300 (100%, M-Hco 2cH 3 ). 
13
c NMR (seep. 43, Table II). (Accurate 
mass-Found 360.1573. c 20H24 o 6 requires 360.1569). 
ii) With sodium methoxide in dimethoxyethane 
To a solution of sodium methoxide (catalytic amount) 
in dry dimethoxyethane (2 ml) was added a solution of the 
dienone 60 (50 mg) in dimethoxyethane (3 ml). Stirring at 
room temperature was continued for 3 hours. A similar work 
up procedure to that described above afforded a compound 
identical to that obtained above. 
113 
iii) With sodium methoxide in ether 
To a solution of sodium methoxide (catalytic . amount) 
in dry ether (2 ml) was added a solution of the dienone 60 
(50 mg) in dry ether (2 ml). Stirring at room temperature 
was continued for 6 hours. A similar work up procedure to 
that described above afforded a compound identical to that 
obtained above. 
iv) With sodium methoxide in ether and hexamethyl"phosphoric 
triamide (HMPA) \._.I 
To a solution of sodium methoxide (catalytic amount) 
in dry HMPA (0.5 ml) and ether (2 ml) was added a solution 
of the dienone 60 in ether (3 ml). Stirring was continued 
for 2 hours. A similar work up procedure to that described 
above afforded a compound identical to that obtained above. 
v) With lithium methoxide in ether 
To a solution of lithium methoxide (catalytic amount) 
in dry ether (2 ml) was added a solution of the dienone 60 
(50g) in ether (2 ml). Stirring at room temperature was 
continued for 6 hours. A similar work up procedure to that 
described above afforded a compound identical to that ob-
tained above. 
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vi) With benzyl~trimethyr'ammonium methoxide in ether 
To a solution of benzyl~trimethyr"ammonium methoxide 
""' \../ 
(1 drop of 40% solution in methanol) in dry ether (2 ml) 
was added a solution of the dienone 60 (50 mg) in ether 
(3 ml). Stirring at room temperature was continued for 3 
hours. A similar work up procedure to that described above 
afforded a compound identical to that obtained above. 
ATTEMPTED EQUIL J3RATI0N OF THE TETRACYCLIC DIKETONE 67: 
i) With sodium methoxide in methanol at 25° 
A solution of the tetracyclic diketone 67 (50 mg) and 
sodium methoxide (catalytic amount) in methanol (1 ml) was 
stirred at room temperature for 12 hours under an atmosphere 
of nitrogen. Work up in a similar manner to that described 
above afforded a discrete compound identical to 67 by NMR. 
ii) Methanolic sodium methoxide in methanol at reflux 
An identical experiment to that described above was 
carried out, however the reaction mixture was refluxed for 
12 hours. NMR analysis imdicated a discrete compound 
identical to 67. 
iii) Sodium methoxide in dimethylformamide (DMF) at room 
temperature 
An identical experiment to that described above was 
carried out, however DMF was used as a solvent. Stirring 
at room temperature was continued for 2 hours under an 
atmosphere of nitrogen. Examination of the NMR spectrum 
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revealed no recognizable products. 
iv) Trifluoroacetic acid 
A solution of the tetracyclic diketone 67 (50 mg) in 
TFA (1 ml) was stirred for 12 hours at room temperature 
under an atmosphere of nitrogen. Work up is a similar 
manner to that described above afforded a discrete compound 
identical to 67 by NMR . 
Dimethyl (2SR, 8a SR, 10a SR, 12 RS)-10-oxo-12-hydroxy-
2 , 3,4 , 5 , 6,7 , 8 , 8a,9,10-decahydro-1H-2,10a-ethanophenanthrene-
8 , 8-dicarboxylate 68 
To a solution of the diketo-diester 67 (60 mg, 0.167 
rnrnol) in dry tetrahydrofuran (0.5 ml) at -78° was added 
~ dropwise a solution of potassium tri(sec-butyl) borohydride 
~ 
in tetrahydrofuran (0.5M, 0.34 ml, 0.17 mrnol) over a period 
of 10 minutes . Stirring at -78° was continued for 3 hours 
and then a solution of aqueous sodium hydroxide (0.2 ml, 
lM) was added dropwise. The solution was allowed to warm 
to o0 and then aqueous hydrogen peroxide (30%, 0.2 ml) was 
added at such a rate that the reaction temperature was kept 
0 below 25 . Water (5 ml) was added and the product was 
extracted into ethyl acetate (3x5 ml) . The combined extracts 
were washed with water (10 ml), brine (10 ml) and dried 
(Na 2so4 ). The solvent was evaporated and the crude product 
was purified by preparative TLC (5% methanol/methylene 
chloride, Rf 0 . 3). The alcohol 68 was then obtained as a 
colourless oil (50 mg, 83%). (Accurate mass-Found 362.1731. 
Ll G 
c 20H26 o 6 r equires 362.1729). 
-1 174 0 (CO 2 CH 3 ) , 1710 cm (CO) . 
\) 
max 
0 
(CHC1 3 ) 3600-3300 (OH), 
(CDC1 3 ) 4.52 (m, lH, 
W~=20Hz); 3.68 (s, 3H, co2cH 3 ); 3.46 (s, 3H, co 2cH 3 ); 
3 . 2 -1 . 2 ( m, 18 H) . MS 3 6 2 ( 4 6 % , M +) , 3 4 4 ( 3 0 % , M-H 2 0) , 
3.02 (100%, M-HC0 2CH 3 ), 284 (36%, M-H 20-HC0 2CH 3 ). 
13
c NMR 
(seep. 43, Table II). 
Methyl 5(6'-Benzyloxycarbonyl-4'-methoxy-5' ,6' ,7' ,8' ,-
....__ 
tetrahydro-l'-naphthyl)-2-methoxycarbonyl-2-methyl pent-
4-enoate 71 
A solution of the malonic ester 63 (lg, 2.14 mmol) 
in dry dimethylformamide (10 ml) was added slowly dropwise 
to a stirred mixture of sodium hydride (53 mg, 2.2 mmol) 
and dimethylformamide (5 ml) at o0 • When the evolution of 
hydrogen had ceased methyl iodide (0.67 ml, 10.7 mmol) was 
added over 5 minutes at o0 • Stirring was continued at room 
temperature for 18 hours. Water (SO ml) was added and the 
solution was extracted with ethyl acetate (3x30 ml). The 
combined extracts were washed with aqueous 4% sodium hydro-
xide solution (50 ml), water 3x50 ml), brine (50 ml) and 
dried (Na 2so4 ). Evaporation of the solvent afforded the 
required C-methylated malonate 71 (0.98 g, 95%) as a pale 
brown oil. o (CDC1 3 ) 7.34 (s, SH, co 2cij 2C6H5 ); 7.28 (d, lH, 
J=8Hz, ArH, H2'); 6.64 (d, lH, J=8Hz, ArH, H3'); 6.52 (d, lH, 
J=l6Hz, ArCH=CH); 5.58 (d, t, lH, J=l6 Hz, 8Hz, ArCH=CH-CH 2 ); 
5 .1 5 (s, 2H, co2cH 2¢); 3. 76 (s, 3H, ArOCH 3 ); 3. 70 (s, 6H, 
CH(C0 2CH 3 ) 2 ); 3.4-2.6 (m, 7H); 2.20 (m, lH, ArCH 2CH(H) ); 
1 . 84 (m, lH, ArCH 2CH (H) ) ; 1. 44 (s, 3H, CH 3 ). 
' I 
Methyl 5(6'-Benzyloxycarbonyl-4'-methoxy-5' ,6' ,7' ,8'-
"' tetrahydro-l'-naphthyl)-2-methyl pent-4-enoate 72 
A mixture of the C-methylated malonate 71 (0.98g,2.04 
mmol), sodium cyanide (210 mg, 4.28 mmol) in dimethylsulph-
oxide (4 ml) was heated at 160° for~ hours. The mixture 
was cooled to room temperature and water (20 ml) was added. 
The solution was extracted with methylene chloride (3x20 ml), 
and the combined extracts were washed with water (3x20 ml), 
brine (30 ml) and dried (Na2so4 ). The crude product was 
chromatographed on silica gel (20g, benzene) affording the 
ester 72 (400 mg, 46 %) as a pale yellow oil (Rf 0.5, 
methylene chloride). (Accurate mass-Found 422.2097. 
c 26 H30o 5 requires 422.2093). vmax (film) 1735 cm-l 
(s , esters). o (CDC1 3 ) 
( d , 1 H , J = 8 H z , Ar H , H 2 ' ) ; 6 . 6 2 ( d , 1 H , J = 8 H z , Ar H , h 3 ' ) ; 
6.51 (d, lH, J=l6Hz, ArCH=CH); 5.84 (d, t, lH, J=l6Hz, 8Hz, 
ArCH=CHCH 2 ); 5.12 (s, 2H, co 2cH 2c 6H5 ); 3.75 (s, 3H, ArOCH 3 ); 
3.64 (s, 3H, co 2cH 3 ); 3.4-1.7 (m, lOH); 1.22 (d, 3H, J=7Hz, 
CH(CH 3 )co2cH 3 ). MS 422 (27%, M+), 243 (15%, M-C 7H7-
CH3CHC02CH3), 199 (100%, 243-C0 2 ), 
I 5 (4-Methoxycarbonyl-pentyl)-8-methoxy-1,2,3,4-tetrahydro-
2-naphthoic acid 73 
The ester 72 (400 mg, 0.95mmol) in ethyl 
was hydrogenated/hydrogenolyzed at 40 psi over 
on-carbon (40 mg) until the required amount of 
acetate (20 ml) 
£ 
10% paladium -
A 
hydrogen had 
been absorbed (ca 5 hr.). The catalyst was removed by filt-
ration through celite and the solvent was evaporated, afford-
I: 
118 
ing the acid 73 (316 mg, 100 %) as a colourless oil. 
-1 
vmax (film) 2700-2400, 1705 (C0 2H), 1735 cm (co 2cH 3 ). 
0 6 . 8 7 ( d , 1 H , J = 8 H z , Ar H , H 6 ) ; 6 . 5 8 ( d , 1 H , 
J=8Hz, ArH, H7); 3. 70 (s, 3H, ArOCH 3 ); 3. 58 (s, 3H, co2cH 3 ); 
3 . 4 -1 . 2 ( m, 14 H) ; 1. 13 ( d , 3 H, J = 7 Hz , C!.I_ 3 ) . 
Methyl 5(6'-Diazoacetyl-4'-methoxy-5' ,6' ,7' ,8'-tetrahydro-
~ 
l'-naphthyl)-2-methyl pentanoate 74 
The diazoketone 74 was prepared from the acid 73 
(300 mg,0.76mrnol) in a similar manner to that described for 
the preparation of the diazoketone 65. v (film) 2 0 9 0, 
max 
8 (CDCL 3 ) 6.97 (d, lH, 
J=8Hz, ArH, H2'); 6.64 (d, lH, J=8Hz, ArH, H3'); 5.37 
(s, lH, COCHN2 ); 3. 70 (s, 3H, ArOCH 3 ); 3. 63 (s, 3H, C0 2CH 3 ); 
1.15 (d, 3H, J=7Hz, CH 3 ). 
Methyl 5(8' ,9'-Dihydro- 4a', 7'-Methano-4aH-benzocyclo-
-heptene-4' ,5' (5'H,7'H)-dionyl)-2-methyl pentanoate 75 
The dienone 75 was prepared from the diazoketone 74 
( 2 96 mg, 0. 7 4 mrnol) in a similar manne·r to that described 
for the preparation of dienone 60. The crude product was 
stirred with water (2 ml), tetrahydrofuran (4 ml) and 
potassium carbonate (5 mg) for 30 minutes (hydrolysis of 
the trifluoroacetate). Water (10 ml) was added and the 
product was extracted with ethyl acetate (3xl0 ml). The 
combined extracts were washed with brine (20 ml) and dried 
(Na 2so 4 ). Preparative TLC (5% methanol/methylene chloride, 
Rf 0.5) afforded the dienone 75 (189 mg, 67%) as a pale 
yellow oil. v (CHC1 3 ) max 
1560 cm-l (dienone). 8 
11 9 
l 7 3 5 (CO 2 CH 3 ) , 16 5 5 , 16 2 5 , 
(CDC1 3 ) 6.95 (d, lH, J=l2Hz, 
CH=CHCO); 6.07 (d, lH, J=l2Hz, CH=CHCO); 3.64 (s, 3H, CO 2 
CH 3 ) ; 3 . 2 -1 . 2 ( m, 16 H) ; 1 . 13 ( d , 3 H , J = 7 Hz , CH 3 ) . 
ATTEMPTED CYCLIZATIONS OF THE DIENONE 75: 
i) With benzyl~trimethyl~ammonium methoxide in methanol 
A solution of the dienone 75 (100 mg, .32 mmol) in 
methanol (4 ml) was added to a solution of 40% benzyl""'tri-
-.J 
methyI'""ammonium methoxide in methanol (1 ml). Stirring 
"-" 
was continued at room temperature for 24 hours, under an 
atmosphere of nitrogen, Ice (5g) was added and the solution 
was acidified to pH 4 with aqueous hydrochloric acid (10%) 
and extracted with ethyl acetate (2xl0 ml). The combined 
extracts were washed with water (10 ml), brine (10 ml) and 
dried (Na 2so 4 ). Evaporation of the solvent afforded a pale 
yellow oil. Analysis of the NMR spectrum indicated uncnanged 
dienone 75. 
ii) With benzyl~trimethyl~ ammonium methoxide in tetra-
\,./ 0 ,_, 
hydrofuran at 25 
The dienone 75 (100 mg) was treated as above however 
~ 
dry tetrahydrofuran was employed as the solvent. Stirring 
was continued for 20 hours at room temperature. Analysis 
of NMR spectrum indicated unchanged dienone 75. 
L 2 0 
iii) With bcnzyl/"\trimcthyl""\1rn.rnonlum mcthoxidc in tetru.-
'\,./ 0 '--"' hydrofuran at 50 
The dienone 75 (100 mg) was treated as above, however 
the reaction mixture was heated at so 0 for 5 hours. Analysis 
of the NMR spectrum indicated unchanged dicnonc 75. 
iv) With potassium t-butoxide in tetrahydrofuran at 25° 
The dienone 75 (100 mg) was treated as above;however 
potassium t-butoxide (2 mg) was employed as the base and the 
reaction mixture was stirred for 18 hours at room tempera-
ture. Analysis of the NMR spectrum indicated unchanged 
dienone 75. 
v) With potassium t-butoxide in tetrahydrofuran (reflux) 
The dienone 75 (100 mg) was treated as above however 
the reaction mixture was heated to reflux, under an atmos-
phere of nitrogen for 5 hours. Analysis of NMR spectrum 
indicated about 30% of the dienone had been consumed. After 
a further 16 hours, no recognizable products were evident 
from an analysis of the NMR spectrum. 
vi) 0 With sodium hydride in tetrahydrofuran at 25 
The dienone 75 (SO mg) in dry tetrahydrofuran (3 ml) 
was added dropwise to a stirred suspension of sodium hydride ' 
( 5 mg, 0.2 mmol) in tetrahydrofuran (2 ml) under an 
atmosphere of nitrogen. Stirring at room temperature cont-
nued for 20 hours. Analysis of the NMR spectrum indicated 
unchanged dienone 75. 
vii) With sodium hydride in tetrahydrofuran (reflux) 
The dienone 75 (50 mg) was treated as above however the 
mixture was heated to reflux for l hour. Analysis of the 
NMR spectrum indicated no recognisable products. 
viii) With 1 , 5-Diazabicyclo (3.4.0)nonene-5 
in methylene chloride 
(DBN) 
A solution of the dienone 75 (50 mg) in dry methylene 
chloride (1 ml) was treated with DBN (0.1 ml) at room 
temperature. The reaction was carried out in a sealed NMR 
tube under an atmosphere of nitrogen. After 18 hours no 
recognisable products were evident. 
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CHAPTER 3 
(2SR, 8aSR, lOaSR, )10,12-dioxo-2,3,4,5,6,7,8,8a,9,10-
decahydro-lH-2,lOa-ethanophenanthrene 8,8-dicarboxylic 
acid 81 
To the diketo diester 67 (400 mg, 1.11 mmol) under an 
atmosphere of nitrogen was added a solution of lithium 
n-propanethioxide (from 3.3 ml, 33.l mmol of n-propanethiol 
and l.Og, 124 mmol of lithium hydride) in hexamethylphos-
phoramide (33 ml). Stirring at room temperature was cont-
inued for 18 hours. The reaction mixture was poured onto 
ice (20g), acidified with aqueous 10% hydrochloric acid and 
extracted with ethyl acetate (3x30 ml). The volat i l e s were 
evaporated and the crude product was dissolved in aqueous 
10% sodium bicarbonate solution (20 ml). The solution was 
washed with ether (2x20 ml), acidified with aqueous 10% 
hydrochloric acid and extracted with ethyl acetate (3x30 ml). 
The combined extracts were washed with water (4x50 ml), 
brine (50 ml) and dried (Na2so4 ). Evaporation of the sol-
vent afforded the required diacid 81 (250 mg, 78%, pure b y 
NMR) as a white crystalline solid, mp 175-178°. Re crystall-
ization from methylene chloride secured an analytical sample, 
mp l 7 9 -18 0 ° . ( Found : C , 6 4 . 8 6 ; H , 5 . 9 3 , _ C 1 8 H 2 0 0 6 requires 
C, 65.05; H, 6.07%). v (CHC1 3 ) max 1740 (CO at Cl2), 17 2 0 
-1 ( CO at Cl O) , 2 8 0 0- 2 5 0 0, l 710 , 16 8 0 cm (CO 2 H) . MS ( < l % , 
M+), 288 (98%, M-C0 2 ), 270 (26 %, M-C0 2-H 20), 24 2 (3 7 %, 
M-C0 2 ) 91 (100%). 
12] 
ATTEMPTED LACTONIZATION OF THE DIACID 81: 
i) With hydrogen chloride 
Dry hydrogen chloride gas was bubbled through a solu-
tion of the diacid 81 (50 mg) in dry chloroform (5 ml) for 
30 minutes at o0 . Stirring at o0 was continued for 1 hour 
followed by the addition of ice (4g). The layers were sep-
arated and the aqueous phase was extracted with an additional 
5 ml. of chloroform. The combined extracts were washed with 
water (2x5 ml), brine (5 ml) and dried (Na2so4 ). Evapora-
tion afforded 50 mg of a white solid, identical to the diacid 
81 by IR and NMR analysis. 
ii) With trifluoroacetic acid 
A solution of the diacid 81 (50 mg) in trifluoroacetic 
acid (1 ml) was stirred at room temperature for 12 hours. 
Ice (5g) was added and the solution was extracted with 
chloroform (3x5 ml). The combined extracts were washed with 
water (3xl0 ml), brine (10 ml) and dried (Na 2so4 ). Evapor-
ation afforded 50 mg of a white solid, identical to the 
diacid 81 by IR and NMR analysis . 
iii) With sulphuric acid 
A solution of the diacid 81 (50 mg) in dry chloroform 
(5 ml) was added to concentrated sulphuric acid (2 ml) at 
o0 . Vigorous stirring at o0 was continued for l hour. Ice 
(4g) was added and a similar work up procedure to that 
described in i) was employed. An analysis by IR and NMR 
indicated complete formation of the retro Michael product 
l· 
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84. Treatment of this compound with excess diazomcthane 
afforded a compound identical to the dienone 60 (by IR and 
NMR). 
. 
n \S 
Attempted Iodolact onation of the diacid 81 
To a solution of the diacid 81 (90 mg, 0.271 mmol) in 
aqueous sodium bicarbonate ( 2. 4 ml, 0. SM) was added a sol-
llMd 
ution of iodine (200 mg, 0.79 mmol)j potassium iodide ( 410 
2.47 mmol) . water (0.12 ml) . After stirring at room mg' in 
temperature for 2 hours in the dark, sodium thiosulphate 
(O.Sg) was added. The solution was washed with ether, 
c:1cidified (aqueous 10% hydrochloric acid), and extracted 
with ethyl acetate ( 3x5 ml) . The combined extracts were 
washed with water ( 2xl0 ml) , brine (10 ml) and dried (Na 2so 4). 
Evaporation of the solvent afforded an oil (95 mg). 
v (film) 1790 (CO,lactone), 1740 (CO), 1720 (CO), 
max 
-1 1710 cm (C0 2H). MS 286 (100%, M-HI-C0 2 ). 
The crude compound was treated with excess ethereal 
diazomethane. NMR analysis indicated a 2:1 mixture of 
esters. 
2:1 respectively). 
Dimethyl (2SR, 8aSR, 10RS,10aSR,12RS)l0,12-dihydroxy-2,3,4, 
5,6,7,8,8a,9,10-decahydro-1H-2,10a-ethanophenanthrene-8,8 
dicarboxylate 91 
To a solution of the diketone 67 (560 mg, 156 mmol) in 
ethanol (6 ml) at o0 was added finely powdered sodium boro-
hydride 91 (120 mg, 3.16 mmol). After 1 hour at o0 , ice 
(20g) was added and the solution was acidified to pH 6 
l· 
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(aqueous 10% hydrochloric acid) and extracted with ethyl 
acetate (3x30 ml). The combined extracts were washed with 
water (50 ml), brine (50 ml) and dried (Na 2so4). The solvent 
was evaporated and the product was purified by preparative 
TLC (5% methanol/methylene chloride). The dial 91 (538 mg, 
96%) was obtained as a white crystalline solid, mp 87-
890. (Accurate mass- Found 364.1888 c 20H28 o 6 requires 
-1 364.1886). vmax (CHC1 3 ) 3600-3400 (OH), 1725 cm (co 2cH 3 ). 
8 4.32 (m, lH, W~=32Hz, CHOH, H-12); 3.68 (s, 3H, co2cH 3 ); 
3.60 (s, 3H, C0 2CH 3 ); 3.46 (d, d, lH, J=l2Hz, J=4Hz, CHOH, 
H-10); 2. 8-1. 0 (m, 18H). MS 364 (7%, M+), 346 (57%, M-H 20), 
332 (50%, M-CH 30H), 314 (60%, M-H 20-CH 30H), 286 (93 %, 
M-H 20-HC0 2CH 3 ), 268 (100%, M-2xH 20-HC02CH 3 ). 
Dimethyl (2SR,8aSR,10RS,10aSR,12RS)l0,l2-Dibenzoyloxy-2,3, 
4,5,6,7,8,8a,9,10-decahydro-1H-2,10a-ethanophenanthrene-8, 
8-dicarboxylate 92 
To a solution of the dial 91 (500 mg, 1.37 mmol) in 
dry pyridine (1.6 ml, 20 mmol) at o0 , under an atmosphere of 
nitrogen was added benzoyl chloride (1.6 ml, 13.7 mmol) 
over 10 minutes. After 2 hours at o0 , stirring was contin-
ued at room temperature for 18 hours. The reaction mixture 
was cooled to o0 and a solution of tetrahydrofuran and water 
(15 ml, 3:2) was added and stirring was continued for 2 hours 
at room temperature. Water(20 ml) was added and the solution 
was extracted with ethyl acetate (3x30 ml). The combined 
extracts were washed with water (50 ml), aqueous 10% hydro-
chloric acid (2x50 ml), aqueous 10% sodium bicarbonate 
solution (2x50 ml), water (50 ml), brine (50 ml) and dried 
L 2 G 
(Na 2so4 ). The solvent was evaporated and the product was 
purified by preparative TLC (CH 2c1 2 , Rf 0.6). The dibe-
zoate 92 was obtained as a white solid (754 mg, 96%). 
Recrystallization from ether afforded an analytical sample, 
mp 139-140°. (Found C, 71.15; H, 6. 32. c34 11 36o8 requires 
C, 71. 31; H, 6. 34%). v (CHC1 3 ) 1730 (esters), 1600, max 
-1 1580 cm (Aromatic C=C) . 6 7. 92 (m, 4H, 4 (ArH) ) ; 7. 34 
(m, 6H, 6 (ArH) ) ; 5. 28 (m, lH, W~=30Hz, CHOCO¢, H-12); 
4.96 (d, d, J=l2HZ, J=4Hz, CHOCO¢, H-10); 3.58 (s, 3H, 
co 2cH 3 ); 3.54 (s, 3H, co2cH 3); 3.00-1.00 (m, 18H). MS 
450 (26%, M-cpco 2H), 328 (93%, M-2x¢C0 2H), 268 (80%, 
+ M-2x¢C02H-HC02CH3), 105 (100%, cpco). 
(2SR,8aSR,10RS,10aSR,12RS)l0,12-Dibenzoyloxy-2,3,4,5,6,7, 
8,8a,9,10,-decahydro-1H,2,10a-ethanophenanthrene-8,8 
dicarboxylic acid 93 
To the diester 92 (500 mg, 0.87 mmol) under an atmos-
phere of nitrogen was added a solution of lithium n-propan-
ethioxide in hexamethylphosphoramide(7.0 ml, 0.5M, 3.50 
mmol). Stirring at room temperature was continued for 48 
hours. Ice (lOg) was added and the solution was acidified 
(10% aqueous HCl) and extracted with ethyl acetate (3xl0 
ml), brine (10 ml) and dried (Na2so 4 ). The solvent was 
evaporated and the crude product was dissolved in aqueous 
10% sodium bicarbonate solution (20 ml). The solution was 
washed with ether (2xl0 ml), acidified (aqueous 10 % hydro-
chloric acid) and extracted with ethyl acetate (3x20 ml). 
The combined extracts were washed with aqueous 10% hydro-
chloric acid (30 ml), water (2x30 ml), brine (30 ml) and 
'I 
l· 
127 
dried (Na 2so4 ) . Evaporation of the solvent afforded 470 mg 
( 98%) 0 of the diacid 93 , as a white solid, mp 198-200 . 
Recrystallization from methylene chloride afforded an 
analytical sample mp 199-200°. (Found C, 70.34; H, 5.88. 
c32 H32 o8 requires C, 70.58; H, 5.92%). \Jmax (CHC1 3 ) 
3 6 0 0- 3 0 0 0 , 2 8 0 0- 2 4 0 0, 1710 (CO 2 H) , 1730 , 16 0 0, 15 8 0 cm - l 
(benzoate) . o (d 6-acetone) 7.91 (m, 4H, 4(ArH) ); 7.43 
( m , 6 H , 6 ( Ar H ) ) ; 5 . 2 3 ( m , 1 H , W ~ = 2 0 H z , CHO CO cp , H - 12 ) ; . 4 . 9 3 
(u, d , lH, J =l2Hz , J=4Hz,C!l_OCOcp,H-l0); 2 . 8-1.0 (m,18H). 
(2SR , 4aRS , 4bSR , 8RS,8aRS,10RS,10aRS , 10aSR,12RS)-8-Carboxy-
10 , 12-dibenzoyloxy-2,3,4,4a,4b , 5,6,7,8,8a,9,l0-dodecahydro-
1H-2 , 10a-ethanophenanthrene-8;4b-carbolactone 94 and its 
methyl ester 95 
A solution of the diacid 93 (250 mg, 0.46 mmol) in 
dry chloroform (10 ml) was added to concentrated sulphuric 
acid (3.0 ml) at o0 • Vigorous stirring was continued at 
o0 for 10 minutes. Ice (10g) was added and the phases were 
separated . The aqueous phase was extracted with chloroform 
(2xl0 ml) . The combined extracts were washed with water 
(20 ml) and dried (Na 2so 4 ). Evaporation of the solvent 
afforded the lactone 94 (250 mg, 100%). \J 
max 
3600-3000 , 2800-2400 1710 (C0 2H), 1770 (lactone), 1730, 
1600 , 1580 cm-l (benzoate). 
The crude lactone 94 (50 mg) was treated with excess 
ethereal diazomethane at o0 • Purification by preparative 
TLC (5% methanol/methylene chloride, Rf 0.4) afforded 51 
mg (100%) of pure 95 as a colourless oil. (Accurate mass-
Found 558.2253 . \J (CHC1 3 ) max 
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-1 1775 (lactone), 1730 (esters), 1600, 1580 cm (Aromatic 
C=C). cS (CDC1 3 ) 7.93 (m, 4H, 4(ArH) ); 7.39 (m, 6H, 
6(ArH) ) ; 5.30 (m, lH, W~=24Hz, CHOCO¢, H-12); 4.89 (d, d, 
lH, J=l2Hz, J=4Hz, CHOCO¢, H-10); 3.62 (s, 3H, C0 2CH 3); 
13 2 . 8 -1 . 0 ( m, 19 H) . C NMR (CDC 1 3 ) 13 4 . 4 , 13 2 . 2 , 13 3 . 0 , 
130.1, 129.6, 128.4, (C 6H5co2 ); 172.4 (CO lactone), 168.6 
(C02CH3); 106.4, 165.8 (¢CO2); 84.2 (s, R'R"R"' COCO,C-4a); 
76.2 (d, CHOBz, C-12); 73.1 (d, CHOBz); 58.7 (s, C-8); 
52. 46 (q, co2cH3 ); 51. 0 (d, C-4a or C-8a); 47. 9 (d, C-8a 
or C-4a); 45.8, 39.73, 37.0, 32.2, 31.2, 30.1, 27.8, 26.5, 
19.9, 18.8. 
(2SR,4aRS,4bSR,8SR,8aRS,10RS,10aSR,12RS)-10,12-Dibenzoyloxy-
8-hydroxymethyl-2,3,4,4a,4b,5,6,7,8,8a,9,10-dodecahydro-
C 
1H-2,10a-ethanophenanthrene-8,4b-carbolatone 96 
,.. 
A solution of the lactone 94 (250 mg, 0.46 mrnol) in 
0 6.6 ml of dry tetrahydrofuran (THF) at O, under an atmos-
phere of nitrogen was treated successively with THF solut-
ions of triethylamine ( .36 ml, 2.lM) and ethyl chloroform-
ate (0.66 ml, 1.4M). Stirring at o0 was continued for 1 
hour, followed by the dropwise addition of a solution of 
sodium borohydride (34 mg, 0.9 mmol) in dry ethanol (10 ml). 
Stirring was continued at o0 for 3 hours. Ice (lOg) was 
added, the solution was acidified (aqueous 10 % hydrochloric 
acid) and extracted with ethyl acetate (3xl0 ml). The 
combined extracts were washed with 10% aqueous HCl (2xl0 ml), 
brine (2xl0 ml) and dried (Na 2so 4 ). Evaporation of the 
solvent afforded the alcohol 96 (244 mg, 100%) as a colour-
less oil, homogeneous by TLC (5% methanol/methylene chloride, 
Rf 0.4) and NMR analysis. 
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()..; (The alcohol was charcterized as 
A 
its p .-nitrobenzoate; recrystallization from ether afford-
ed an analytical sample, mp 219-220°. (Found C, 68.66; 
H, 5.48. N, 1.93; c39H37 No1 ) requires C, 68.91; H, 5.49; 
N, 2. 06%). vmax (CHC1 3 ) 3700-2400 (OH), 1770 (lactone), 
-1 1730, 1600, 1580 cm (benzoate). o (CDC1 3 ) 8.05 (m, 4H, 
4 ( Ar H ) ) ; 7 . 4 8 ( m , 6 H , 6 ( Ar H ) ) ; 5 . 3 6 ( m , 1 H , W ~ = 2 0 H z , 
CHOCO¢, H-12); 4.96 (d, d, lH, J=l2Hz, CHOCO¢, H-10); 3.65 
13 (ABq, 2H, JA,B=l2Hz, CHA(HB)OH); 2.8-1.0 (m, 20H). C NMR 
(CDC1 3 ) 133.2, 132.9, 130.1, 129.9, 129.5, 128.3 (2(C 6H5CO)); 
178.6 (CO, lactone); 166.4, 165.0 (2(¢C0 2 ) ); 85.1 (s, R,R'R" 
COCOR); 76.2 (d, CHOBz, C-12), 73.6 (d, CHOBz, C-10); 62.3 
- - -
(t, CH20H); 52.9 (s, C-8); 49.87 (d, C-8a or C-4a); 48.0 
(d, C-4a or C-8a); 45.8, 39.6, 37.0, 32.2, 31.0, 29.6, 27.0, 
26.5, 19.9, 19.1. 
(2SR,4aRS, 4bSR,8SR,8aRS,10RS,10aSR,12RS)-10,l2-Dibenzoyl-
oxy-8-tosyloxymethyl-2,3,4,4a,4b,5,6,7,8,8a,9,l0-dodecahydro-
1H-2,10a-ethanophenanthrene-8,4b-carbolactone 97 
To a solution of the alcohol 96 (73 mg,0.14 mmol) in 
dry pyridine (2 ml) at o0 was added p-toluenesulphonyl 
chloride (100 mg, 0.5 mmol) portionwise over 5 minutes. 
Stirring was continued for 20 hours at l0° under an atmos-
phere of nitrogen. Ice (5g) was added and the solution 
was acidified to pH 3 with aqueous 10% hydrochloric acid 
and then extracted with ethyl acetate (3x5 ml). The combined 
extracts were washed with aqueous 10% hydrochloric acid 
(10 ml), water (3xl0 ml), brine (10 ml) and dried (Na 2so 4 ). 
Evaporation of the solvent afforded the tosylate 97 (129mg 
130 
95% as a semi-crystalline solid. cS (CDC1 3 ) 8.06 (m, 4II, 
4 (ArH) ) ; 7. 76 (d, 2H, J=8Hz, 2 (ArH), tosylate); 7. 52 (m, 
6H, 6 (ArH) ) ; 7. 20 (d, 2H, J=BHz, 2 (ArH), tosylate); 5. 31 
(m, lH, W~=20Hz, CHOCO¢, H-12); 4.90 (d, d, 1H,J=l2Hz, 
J=4Hz, CHOCO¢, H-10); 4.04 (m,W~=20Hz, CH 20Ts); 2.39 
(s, 3H, C6H4 -cH 3 ); 2.8-1.0 (m, 19H). 
ATTEMPTED REDUCTION OF THE TOSYLATE 97: 
i) With sodium cyanoborohydride in hexamethylphorsphoric 
triamide (HMPA) 
A mixture of freshly ground sodium cyanoborohydride 
.(27 mg, 0.43 mmol), anhydrous sodium iodide (105 mg, 0.65 
mmol), dry HMPA (1 ml) and the tosylate 97 (129 mg, 0.122 
mmol) was heated at 80° for 12 to 24 hours. The reaction 
mixture was then cooled to room temperature, ice (5g) was 
added and the solution was extracted with ethyl acetate 
(3x5 ml). The combined extracts were washed with water 
(2xl0 ml), aqueous 10% hydrochloric acid (10 ml), water 
(2xl0 ml), brine (10 ml) and dried (Na 2so4 ). Evaporation 
of the solvent afforded a brown oil (118 mg). NMR analysis 
· d. d 7n~ in icate only~- ___ tosylate 97. 
ii) With activated zinc 
A mixture of the tosylate 97 (118 mg) finely ground, 
activated zinc dust (650 mg, 10 mrnol) and sodium iodide 
(210 mg, 1.4 mmol) in dry HMPA (1.5 ml) was heated at 100° 
for 3-8 hours under an atmosphere of nitrogen. The reaction 
mixture was then cooled to room temperature, ethyl acetate 
1 31 
(20 ml) was added and the solution was filtered through 
celite. The filtrate was washed with aqueous 10% hydro-
chloric acid (2xl0 ml) , water (3xl0 ml), brine (10 ml) 
and dried (Na2so 4 ). Evaporation of the solvent indicated 
unreacted tosylate 97 (20-30%) and several unrecognizable 
products. 
(2SR,4aRS,4bSR,8SR,8aRS,10RS,10aSR,12RS)-10,l2-Dibenzoyloxy-
8-methc xymethyloxymethyl-2,3,4,4a,4b,5,6,7,8,8a,9,l0-
dodecahydro-1H-2,10a-ethanophenanthrene-8,4b-carbolactone 
101 
To a solution of the alcohol 96 (244 mg, 0.46 mmol) 
and diisopropyl~ethylamine (1 ml) v . in dry methylene 
chloride (1 ml) at o0 , under an atmosphere of nitrogen, 
was added dropwise~chloromethyl methyl ether (0.8 ml) . 
After 2 hours at o0 , stirring was continued at room 
temperature for 30 hours. Ice (Sg) and methylene chloride 
(5ml) were added and the layers were separated. The aqueous 
phase was extracted with methylene chloride (2x5 ml). The 
combined extracts were washed with 10% aqueous HCl (5 ml), 
10% aqueous NaHC0 3 (2x5 ml), water (5 ml), brine (5 ml), 
and dried (Na 2so 4). The solvent was evaporated and the 
product was purified by preparative TLC (5% methanol/methylene 
chloride, Rf 0.6). The methoxymethyl ether 101 (187 mg, 
71%) was obtained as a white crystalline solid, mp 192-
1940. Recrystallization from ether/hexane afforded an 
analytical sample, mp 193-194. (Found C, 70.90; H, 6.41 
c34 H38o8 requires C, 71.06; H, 6.64%). o (CDC1 3 ) 8.08 
(m, 4H, 4(ArH) ); 7 . 48 (m, 6H, 6(ArH) ); 5 . 36 (m, lH, 
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W~=24Hz,CHOBz, H-12); 5.00 (d,d, lH, J=l2Ilz, J=4Hz, C!.!_OBz, 
H-10); 4. 52 (s, 2H, OCH 20CH 3 ); 3. 56 (s, 2H, CH 20CH20CH 3 ); 
+ 3. 2 6 ( s, 3H, OCH 3 ) ; 2. 6-1. 0 (m, 19H) . MS 5 7 4 ( 0. 5 % , M ) , 
4.52 (36%, M-¢C0 2H), 105 (100%, ¢CO+). 
(2SR,4aRS,4bSR,8SR,8aRS,10RS,10aSR,l2RS)-l2-Benzoyloxy-
l0-hydroxy-8-methoxymethyloxymethyl-2,3,4,4a,4b,5,6,7,8, 
Ba,9,10-dodecahydro-1H-2,10a-ethanophenanthrene-8,4b-
carbolactone 102 
A mixture of the dibenzoate 101 (187 mg, 0.33 mmol), 
potassium carbonate (46 mg, 3.3 mmol), water (0.7 ml) and 
methanol (6 ml) was stirred at room temperature under an 
atmosphere of nitrogen for 48 hours. Brine (10 ml) was 
added and the solution was extracted with ethyl acetate 
(3xl0 ml). The combined extracts were washed with brine 
(2xl0 ml) and dried (Na 2so4 ). The solvent was evaporated 
and the product was purified by preparative TLC (5% methanol/ 
methylene chloride, Rf 0.3). The alcohol 102 (122 mg, 80%) 
was as a semi-crystalline solid. Attempts to secure an 
analytical sample were unsuccessful. ( Accurate mass-
Found 470.2296. c27 H34o7 requires 470.2305). vmax (CHC1 3 ) 
3600-3100 (OH), 1780 (CO, lactone), 1730, 1610, 1595 cm-l 
(benzoate). cS (CDC1 3 ) 8.04 (d, d, 2H, J=8Hz, J=2Hz, 
2 ( Ar H) ) ; 7 . 4 4 ( m, 3 H, 3 ( Ar H) ) ; 5 . 3 2 ( m, l H , W ~= 2 0 Hz , 
CHOBz, H-12), 4.54 (s, 2H, OCH 20CH 3 ); 3.56 (s, 2H, CH 20CH 2 
OCH 3 ); 3.38 (d, d, lH, J=l2Hz, J=4Hz, CH(OH),H-10); 3.30 
(s, 3H, OCH 3 ); 2.6-1.0 (m, 19H). MS 470 (2%, M+), 452 
( 6 % M-H 2 0) , 3 4 8 ( 5 9 % M -cp CO 2 H) , 10 5 ( 10 0 % , ¢CO+) . 
' I 
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(2SR,4aRS,4bSR,8SR,8aRS,10RS,10aSR,12RS)-10-0xo-12-benzoyl-
oxy-8-methyloxymethyloxymethyl-2,3,4,4a,4b,5,6,7,8,8a,9,l0-
dodecahydro-1H-2,10a-ethanophenanthrene-8,4a-carbolactone 
103 
A solution of the alcohol 102 (122 mg, 0.26 mmol) in 
acetone (10 ml) at o0 was treated with Jones reagent162 
(2 ml). Stirring at o0 was continued 
until TLC analysis showed the reaction to be complete · 
(ca 1 hr). Isopropanol was added slowly dropwise to destroy 
excess reagent, the acetone was evaporated and water (5 ml) 
was added. The solution was extracted with ethyl acetate 
(3x5 ml). The combined extracts were washed with water 
(10 ml), brine (10 ml) and dried (Na 2so4 ). Evaporation 
of the solvent afford.ed 123 mg (100%) of the ketone 103 as 
a white solid. Recrystallization from ether/methylene 
chloride (1:1) secured an analytical sample, mp 169-170°. 
(Found C, 68.90; H, 7.06. c27 H32 o7 requires C, 69.21; H, 
6.88%). V (CHC1 3 ) max 1765 (CO, lactone), 1730, 1600, 
-1 1580 (benzoate), 1710 cm (CO, ketone). o 
8 . 0 5 ( d , d , 2 H , J = 8 H z , J = 2 Hz , 2 ( Ar H ) ) ; 7 . 4 8 ( m , 3 H , 3 
(ArH) ) ; 5.28 (m, lH, W~= Hz, 'CHOBz, H-12); 4. 58 (s, 2H, 
OCH 20CH 3 ); 3.56 (s, 2H, CH 20CH 20CH3 ); 3.34 (s, 3H, OCH 3), 
2.6-1.0 (m, 19H). 
l 3 '1 
(2SR,4aRS,4bSR,8SR,8aRS,10RS,10aSR,12RS)-10-0xo-12-be nzoyl-
oxy-8-methoxymethyloxymethyl-9-diazo-2,3,4,4a, .4b , ;, ,9,7, 8 , 8a,9 
10-dodecahydro-1H-2,10a-ethanophenanthrene-8,4a-carbo-
lactone 104 
A solution of the ketone 103 (20 mg, 0.04 mmol) in 
benzene (1 ml) was added to a solution of tetrabutylammonium 
bromide (2 mg), 18-crown-6 ether (1.1 mg) and 2,4,6-
triisopropylbenzenesulphony~zide (50 mg, .12 mmol) in 
aqueous 40% potassium hydroxide solution (2 ml). Nitrogen 
was bubbled through the solution and vigorous stirring was 
continued until no ketone remained by TLC analysis (ca 30 
minutes, ketone Rf 0.45 (5% methanol/methylene chloride), 
diazoketone Rf 0.4). The lay~rs were separated and the 
aqueous phase was extracted with ethyl acetate (2x2 ml). 
The combined extracts were washed with water (2x3 ml), 
brine (3 ml) and dried (Na 2so 4 ). The above reaction was 
repeated a further four times. The combined product was 
purified by preparative TLC (5% methanol/methylene chloride). 
The diazoketone 104 (70 mg, 66%) was obtained as a pale 
yellow oil. \> ( CH Cl 3 ) 2 0 9 0, 16 2 0 ( COC ( N2 ) ) , 177 5 (CO, max 
lactone), 1720, 1600, 1580 (benzoate). MS 466(13 % M-N 2 ), 
344 (26%, M-N2-cpco2H), 300 (100%). 
lJS 
(la,4aa,4bB,7S,8a,9aB,lOB)-4a-Hydroxy-8-benzoyloxy-
l-methoxymethyloxymethyl-gibbane-1,10-dicarboxylic acid 1, 
4a,-lactone 105a -(-±) (la,4aa,4bB,7S,8a,9aB,10a)-4a-~ydroxy-
8-benzoyloxy-lmethoxymethyloxymethyl-gibbane-l,10-dicarb-
oxylic acid l,4a-lactone 105b and their methyl esters 105c 
and 105d respectively 
A solution of the diazoketone 104 (70 mg, 0.14 mmol) 
and sodium bicarbonate (250 mg) in water (45 ml) and tetra-
,.~ 
«v; / 
hydrofuran (80 ml) was pho~ied (450W Hanovia lamp, pyrex 
filter , nitrogen bubbled through solution) for 30 minutes 
0 
at 5 . The tetrahydrofuran was evaporated and the aqueous 
solution was washed with ether (30 ml), acidified(aqueous 
10% hydrochloric acid) and extracted with ethyl acetate 
(3x50 ml). The combined extracts were washed with brine 
(2x50 ml) and dried (Na 2so 4 ). Evaporation of the solvent 
afforded a mixture o f the epimeric acids 105a and 105b 
(35 mg , 51%) as a white crystalline solid, mp 204-212°. 
Recrystallization from ether afforded an analytical sample, 
mp 214-215° . (Found C, 66.88 ; H, 6.74. c27 H32 o8 requires 
C, 66. 93; H, 6. 66%). \) 
max 
(CHC1 3 ) 3600-3000, 2800-2200, 
1710 (C0 2H), 1765 (CO, lactone), 1725, 1600, 1580 (benzoate). 
MS 4 8 4 ( 1 % , M +) , 3 6 2 ( 3 % , M-cp CO 2 H) , 3 3 0 ( 6 % , M-cp CO 2 H -
CH30H), , 256 (27% , M-¢C02H-C02-CH30CH20H), 105 (100%,¢CO+). 
A solution of the epimeric acids 105a and 105b (35 mg) 
in methylene chloride was treated at o0 with excess ethereal 
diazomethane. The volatiles were evaporated and the epimers 
were separated by preparative TLC (5% methanol/methylene 
chloride). The epimeric esters 105c (25 mg, Rf 0.45) 
and 105d (6 . 4 mg, Rf 0.45) and 105d (6.4 mg, Rf 0.4) were 
• 
I 
1. J (i 
obtained as colourless semi-crystalline solids. 
105c: 
(Accurate mass-Found 498.2555. c 28H34 o8 requires 498.2253) . 
( CH Cl]) 1765 (CO, \) 
max 
lactone), 1725, 1600, 1580 (benzoa te) , 
1725 -1 ( CO 2 CH 3 ) . c5 (CDC1 3 ) 8.04 ( d' d, 2H, J=l2Hz, cm 
J= 2Hz, 2 (ArH) ) ; 7.48 (m, 3H, 3 (ArH) ) ; 5.35 (m, lH, W~= 
22Hz, CHOB
2
); 4.52 (s, 2H, OCH 20CH 3 ); 3.68 (s, 2H, CH 20CH 2 
OCH 3 ) ; 3 . 6 2 ( s, 3 H, CO 2 CH]) ; 3 . 2 7 ( s , 3 H, OCH 3 ) ; 2 . 9 2 ( d, 
lH, J=7Hz, H-lOa); 2.64 (m, lH, H-4b); 2.62 (d, lH, J=7Hz, 
H-10); 2.2-1. 0 (m, 14H). MS 498 (8%, M+), 105 (100%, 
¢CO+). 13 c NMR (CDC1 3 ) 176.9 (CO, lactone); 174.1 
_(co 2cH 3 ); 166.1, 132.8, 129.5, 128.3 (benzoate); 96.6 
(OCH 20cH 3 ); 93.9 (C-4a); 75.5 (CHOB 2 ); 68.l (CH 20CH 20CH 3 ); 
55.2 (OCH 20CH 3 ); 57.8, 54.3, 52.2, 51.6, 51.3, (C-1, C-4b, 
C-9a, C-10,0- 10a (not neccesarily in that order) ) 42.6, 
41.0 (C-11, C-9); 39.2 (C-7); 31.7 (C-2); 29.0 (C-4); 25.8 
( c- 6) ; 2 0 . 0 ( c-5) ; 18 . 7 ( c- 3) . 
105d: 
(Accurate mass-Found 498.2254. c 28 H34 o 8 requires 498.2253). 
v (CHC1 3 ) 1765 (CO, lactone), 1725, 1600, 1580 (benzoate), max 
-1 1725 cm (C0 2 CH 3 ). o (CDC1 3 ) 8.08 (d, d, 2H, J=8Hz, 
J=2Hz, 2(ArH) ); 7.52 (m, 3H, 3ArH) ); 5.28 (m, W~ =20Hz, 
CHOBz); 4.52 (s, 2H, OCH 20cH 3 ); 3.67 (s, SH, co2cH 3 , CH 2 0CH 2 
OCH 3); 3.32 (s, 3H, OCH 3 ); 3.18 (d, lH, J=llHz, H-lOa); 
2.65 (m, lH, H-4b); 2.40 (d, lH, J=llHz, H-10); 2.2-1.0 
( m, 15 H) . MS 4 9 8 ( 8 % , M +) ; 10 5 ( 10 0 % , ¢CO+) . 
137 
(la,2S,4aa,4b$,106)-8-0xo-2,4a-dihydroxy-l-mcthyl-gibbanc-l,l0-
dicarboxylic acid l,4a-lactone methyl ester 108 
Dry ozone was passed through a solution of gibberellin 
A4 methyl ester (120 mg, 0.35 mmol) in dry methylene chlor-
ide (10 ml) at -78° for a period of 40 minutes. The solut-
ion was poured into a mixture of zinc powder (0.5g, acti-
vated) and acetic acid (2 ml) . 163 Stirring at room temper-
ature was continued for 2 hours. The mixture was filtered 
through celite and the filtrate was washed with water (2xl0 
ml), aqueous 10% sodium bicarbonate solution (10 ml), brine 
(10 ml) and dried (Na2so4 ). The solvent was evaporated and 
the product was purified by preparative TLC (5% methanol/ 
methylene chloride, Rf 0.6). The ketone 108 (100 mg, 82%) 
was obtained as a pale yellow solid, mp 202-205° (lit 
205-207?). 150 (Accurate mass- Found 348.1561. c 19H24 o6 
requires 348.1573). v (CHC1 3 ) 1770 (CO, lactone), 1740 max 
-1 (CO, ketone), 1730 cm (co2cH 3). o 3. 84 (m, lH, H-lOa, 
H-2); 3. 71 (s, 3H, co 2cH 3); 3.18 (d, lH, J=llHz, H-lOa); 
3.0 (s, lH, exch. OH); 2.70 (d, lH, J=llHz, H-10); 2.42 
(m, lH, W~=l6Hz, H-4b); (s, lH, exch., OH); 2.08 (d, lH, 
' 
J=l9Hz, CH(H)CO); 2.06-1.44 (m, 12H); 1.14 (s, 3H, CH 3 ).MS 348 
(5%,M+0,330(16%,M-H 20), 320 (100%, M-CO). 
(la,2S,4aa,4bS,8S,lOS)-2,4a,8-trihydroxy-l-methyl-gibbane-
l,10-dicarboxylic acid l,4a-lactone methyl ester 109 
To a solution of the ketone 108 (100 mg, 0.28 mmol) 
in ethanol (10 ml) at o0 was added finely powdered sodium 
borohydride (10 mg, 0.28 mmol). Stirring under an atmos-
phere of nitrogen was continued at o0 for 1 hour. Ice 
l38 
(15g) was added and the solution was acidified to pII 4 with 
aqueous 10% hydrochloric acid. The product was extracted 
with ethyl acetate (3xl0 ml). The combined extracts were 
washed with water (10 ml), brine (20 ml) and dried (Na 2so4 ). 
Evaporation of the solvent afforded the diol 109 (100 mg) 
as a white solid, pure from NMR and TLC (5% methanol/ 
methylene chloride, Rf 0.3) analysis. 6 (CDC1 3 , d
6
-acetone) 
4.20 (m, lH, W~=l8Hz, CHOH, H-8); 3.73 (s, 4H, co 2cH 3 , CHOH, 
H-2); 3.20 (d, lH, J=llHz, H-lOa); 2.53 (d, lH, J=llHz, 
H -1 0 ) ; l . 11 ( s , 3 H , CH 3 ) . 
-(la,2S,4aa,4bS,8S,lOS)-4a-Hydroxy-2,8-dibenzoyloxy-l-methyl-
gibbane-l,lO-dicarboxylic acid l,4a-lactone methyl ester 
110 
To a solution of the diol 109 (100 mg, 0.28) in dry 
pyridine (1 ml) at o0 was added benzoyl chloride (0.14 ml, 
1.12 mmol) over 5 minutes. Stirring at o0 was continued 
for 2 hours and then the mixture was allowed to stir at 
room temperature for 20 hours. A solution of tetrahydro-
furan and water (5:1, 10 ml) was added slowly dropwise and 
stirring was continued for 3 hours. Water (20 ml) was 
added and the product was extracted with ethyl acetate 
(3xl0 ml). The combined extracts were washed with water 
(10 ml), aqueous 10% hydrochloric acid (2xl0 ml), aqueous 
10% sodium bicarbonate solution (2xl0 ml), water (10 ml), 
brine (10 ml) and dried (Na 2so 4 ). The solvent was evapor-
ated and the product was purified by preparative TLC (2 % 
methanol/methylene chloride). The dibenzoate 110 (120 mg, 
13 9 
75%) was obtained as a whi t e s o lid. Re c r ystal lization from 
methylene chloride/ether afforded an analytical sample, 
mp 218-219°. (Found: C, 70.95; H, 6.02. c 33 H34 o 8 requires 
C , 7 0 . 9 5 ; H , 6 . 1 3 % ) . o 8 . 1 0 ( m , 4 H , 4 ( Ar H ) ) ; 7 . 5 2 ( m, 6 H 
6 (ArH) ) ; 5.36 (m, lH, W~= l8Hz, H-8); 5.20 (m, l H, W~= 7Hz, 
H-2); 3.76 (s, 3H, co2cH 3 ); 3.20 (d, lH, J=llHz, H-lOa); 
2. 72 (d, lH, J=llHz, H-10); 2. 70 (m, lH, W~=l6Hz, H-4b); 
2 . 2 8 -1 . 4 ( m, 12 H) ; 1 . 14 ( 3 H, s, CH 3 ) . 
13 C NMR ( CDC 1 3 ) 1 7 6 . 6 
(CO, lactone); 172.7 (co2cH 3 ); 165.8, 165.6, 133.2, 133.0, 
130.1, 129.6, 128.3 (benzoates); 93.5 (s, C-4a); 75.3 (d, 
CHOBz, C-8); 72.2 (d, CHOBz, C-2); 55.6 (d, C-4b); 53.4 
.(s, C-1); 52.2 (d, C-10, d, C-lOa, q, co2cH 3 ); 50.8 (s, 
C-9a); 43.8 (t, C-9); 36.1, 35.6 (C-7, C-11 (not necessarily 
in that order) ) ; 27.8 (t, C-3); 25.5 (t, C-4); 19.5 (t, 
C- 6 ) ; 15 . 3 ( t, C- 5) ; 14 . 5 ( q, CH 3 ) . MS 5 5 8 ( 5 % , M +) , 
436 (8%, M-¢C0 2H), 392 (6%, M-¢C0 2H-C02 ), 314 (4%, M-2x ¢ 
+ C0 2H), 170 (23%, M-2x¢C02H-C02 ), 105 (100%, ¢CO). 
(la,2S,4aa,4bS,7S,8a,9aS,lOS)-8-0xo-2,4a-dihydroxy- l ,7-
dimethyl-gibbane-l,10-dicarboxylic acid 1,4a lactone 
methyl ester 111 
A solution of (la,2S,4bS,lOS)-2,7-dihyd r o x y-l-me thyl -
8-methylene gibb-4-ene-1,10-dicarboxylic acid (225 mg , 
0.62 mmol, prepared by hygrogenolysis of GA3
16 4 ) (2 2 5 mg , 
0.62 mmol) in aqueous hydrochloric acid (f rom 1 v olume cone. 
HCl to 5 volumes of water, 14 ml) was refluxed f or 1 .75 
hours. The solution was allowed to cool slowly t o room 
0 temperature and was then cooled to O . The s olid prec i pi -
tate was collected by f iltration, dissolved in ethyl a c etate 
l '10 
(20 ml) and the solution was washed with brine (10 ml) and 
dried (Na 2so 4). Evaporation of the solvent afforded (98 mg, 
44%) of a white solid, mp 238-244° (lit 240-245°) 151 which 
~ / O 
on treatment withAexcessAethereal diazomethane at O afforded 
the ester 111. (Accurate mass- Found 362.1732. c 20H26 o 6 
requires 362.1729. v (CHC1 3 ) 3650-3100 (OH), 1770 (CO, max 
-1 lactone), 1740 (CO, ketone), 1730 cm (ester). o 3.86 
(m, lH, W~=7Hz, H-2); 3. 72 (s, 3~, co2cH 3); 3. 20 (d, lH, 
J=7Hz, H-lOa); 2.84 (m, 2H, H-4b, OH); 2.62 (d, lH, J=7Hz, 
H-10); 2.07 (d, lH, J=l9Hz, CH(H) CO); 2.2-1.4 (m,llH); 
l . 2 0 ( s , 3 H, CH 3 at C-7) ; 1 . 0 3 ( s , 3 H, CH 3 ) . 
(la,2S,4aa,4bS,7S,8a,9aS,lOS)-2,4a,8-Trihydroxy-l,7-dimethyl-
gibbane-l,l0-dicarboxylic acid 1,4a lactone methyl ester 112 
To a solution of the keto-lactone 111 (98 mg, 0.27 mmol) 
in ethanol (10 ml) at o0 was added finely powdered sodium 
borohydride (10 mg, 0.28 mmol). Stirring under an atmos-
phere of nitrogen was continued at o0 for 1 hour. Ice (15g) 
was added and the solution was acidified to pH 4 with aqueous 
10% hydrochloric acid. The product was extracted with ethyl 
acetate (3xl0 ml). The combined extracts were washed with 
water (10 ml), brine (20 ml) and dried (Na2so 4 ). Evaporation 
of the solvent afforded the diol 112 (98 mg) as a white solid, 
pure from NMR and TLC (5% methanol/methylene chloride, 
RF 0.3) analysis. o (d 5-pyridine) 4.11 (m, lH, W~=l8Hz, 
CHOH, H-8); 4.08 (m, lH, W~=7Hz, CHOH H-2); 3.66 (s, 3H, 
C0 2CH 3 ); 3.63 (d, lH, J=7Hz, H-lOa); 2.86 (d, lH, J=7Hz, 
H-10); 1.43 (s, 3H, CH 3 at C-7); 1.03 (s, 3H, CH 3 ). 
l t11 
(lar2B,4aa,4b8,76,8a,9a6,108)-4a-Hydroxy-2,8-dibenzoyloxy-
l,7-dimethyl-gibbane-l,10-dicarboxylic acid 1,4a lactone 
methyl ester 113 
To a solution of the diol 112 (98 mg, 0.27 mmol) in dry 
pyridine (1 ml) at o0 was added benzoyl chloride (0.14 ml, 
1.2 mmol) over 5 minutes. Stirring at o0 was continued for 
2 hours and then the mixture was allowed to stir at room 
temperature for 20 hours. A solution of tetrahydrofuran 
and water (5:1, 10 ml) was added slowly dropwise and 
stirring was continued for 3 hours. Water (20 ml) was added 
and the product was extracted with ethyl acetate (3xl0 ml). 
The combined extracts were washed with water (10 ml), 
aqueous hydrochloric acid (10~, 2xl0 ml), aqueous sodium 
bicarbonate (10%, 2xl0 ml), water (10 ml) and dried (Na2so4 ). 
The solvent was evaporated and the product was purified by 
preparative TLC (2% methanol/methylene chloride). The 
dibenzoate 113 was obtained as a semi-crystalline solid 
( 121 mg, 7 9 % ) . (Accurate mass-Found 572.2403. c34 H36o6 
requires 572.2410). 8 8.12 (m, 4H, 4(ArH) ); 7.58 (m, 
6H, 6 (ArH) ) ; 5.30 (m, lH, W~=7Hz, CHOBz, H-2); 5.10 (d, 
d, lH, X of ABX, JAx=llHz, JBX=4Hz, H-8); 3.77 (s, 3H, 
C02 CH 3 ); 3.38 (d, lH, J=7Hz, H-lOa); 2.62 (d, lH, J=7Hz, 
H-10); 2.46 (m, lH, H-4a); 1.17 (s, 3H,- CH 3 at C-7); 
1.09 (s, 3H, CH 3 ). MS 572 (5%,M+), 450 (7%, M-¢C0 2H), 105 
(100%, ¢CO+). 
13
c NMR (CDC1 3 ) 176.9 (CO, lactone); 173.8 (C02CH 3); 166.2, 
16 5 . 4, 13 3. 4, 13 3. 0, 13 0. 4, 12 9. 6, 12 8 . 6 ( ben zoa te s) . 
92.3 (s, C-4a); 79.2 (d, CHOBz, C-8); 72.9 (d, CHOBz, C 2); 
54.4, 54 .0, 52.1 (all doublets, C-46, C-10, C-lOa (not 
l '12 
necessarily in that order) ); 52.5 (q, co 2cH 3 ); 52.5, 51.6 
(both singlets, C-1, C-9a (not necessarily in that order) ); 
44.9, 44.4 (C-7, C-9 (not necessarily in that order) ) ; 
33.8 (t, C-6); 26.5 (t, C-3); 25.3 (t, C-4); 24.8 (q, CH 3 
at C - 7 ) ; 1 9 . 6 ( t , C - 5 ) ; 14 . 5 ( q , CH 3 ) . 
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